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 Preface
Beg
inn
ing
abo
ut
197
0 p
ubl
ic
con
cer
n b
eca
me
mor
e p
ron
oun
ced
abo
ut
the
occ
urr
enc
e o
f c
hem
ica
ls
- s
ome
of
whi
ch
are
haz
ard
ous
sub
sta
nce
s -
in
air,
soi
l,
and
wat
er
thr
oug
hou
t
the
con
tin
ent
.
Pri
or
to
thi
s
per
iod
the
use
of
var
iou
s p
est
ici
des
, e
spe
cia
lly
the
chl
ori
nat
ed
hyd
roc
arb
on
ins
ect
ici
des
, w
ere
the
maj
or
con
cer
n.
Sev
era
l b
ans
on
pes
tic
ide
use
and
sei
zur
es
of
foo
d
pro
duc
ts
occ
urr
ed
as
a r
esu
lt
of
con
cen
tra
tio
ns
bei
ng
dis
cov
ere
d w
hic
h
exc
eed
ed
adm
ini
str
ati
ve
gui
del
ine
s o
r w
ere
at
lev
els
tho
ugh
t t
o b
e u
nsa
fe.
Rac
hel
Car
son
's
boo
k S
ile
nt
Spr
ing
did
muc
h t
o a
rou
se
pub
lic
rea
cti
on.
Sev
era
l
eve
nts
hav
e o
ccu
rre
d t
o i
ncr
eas
e t
he
deg
ree
of
thi
s p
ubl
ic
con
cer
n.
The
use
of
che
mic
als
in
com
mer
ce
inc
rea
sed
dra
sti
cal
ly
as
the
sta
nda
rd
of
liv
ing
and
eco
nom
ic
con
dit
ion
s i
mpr
ove
d.
The
dev
elo
pme
nt
of
mode
rn
plas
tics
and
new
adhe
sive
s, p
aint
s,
coat
ings
and
synt
heti
c ma
teri
als
con
tri
but
ed
to
the
inc
rea
sed
use
of
che
mic
als
.
In
ind
ust
rie
s,
suc
h a
s
agr
icu
ltu
re,
the
use
of
che
mic
als
inc
rea
sin
gly
rep
lac
ed
man
ual
lab
or
as
mor
e
capital intensive technologies were adopted.
Analytical capabilities improved dramatically with the development of gas
chr
oma
tog
rap
hy
and
mas
s s
pec
tro
sco
py.
The
pos
iti
ve
ide
nti
fic
ati
on
of
com
ple
x
organic chemicals became easier, and detection limits were lowered making it
pos
sib
le
to
mea
sur
e m
any
che
mic
als
at
con
cen
tra
tio
ns
muc
h l
owe
r t
han
prev
ious
ly d
etec
tabl
e in
wate
r an
d ai
r.
The
publ
ic,
awar
e of
envi
ronm
enta
l
con
tam
ina
tio
n,
was
wil
lin
g t
o s
upp
ort
mon
ito
rin
g a
nd
con
tro
l p
rog
ram
s.
Dur
ing
this same period, the role of chemicals as a possible cause of cancer was
wid
ely
her
ald
ed;
pub
lic
con
cer
n w
as
fur
the
r h
eig
hte
ned
.
Leg
isl
ati
on
fol
low
ed
that required more stringent testing before large-scale production of new
che
mic
als
and
mor
e c
ont
rol
s o
n t
hei
r r
ele
ase
int
o c
omm
erc
e.
Some
haza
rdou
s s
ubst
ance
s ha
ve b
ecom
e di
sper
sed
over
larg
e ar
eas;
PCBs
and
DDT
hav
e b
een
dis
per
sed
glo
bal
ly.
Oth
ers
are
fou
nd
onl
y n
ear
the
poi
nt
of
rele
ase.
In l
arge
lake
s pa
rtic
ular
ly,
long
peri
ods
of t
ime
may
be r
equi
red
  
before
the
concentrations
in
the
lake
reach
equilibrium
with
the
loadings.
Such lag times require new and innovative monitoring strategies.
Leaching
from
solid
waste
disposal
sites
has
recently
been
recognized
as
a
significant
source
of
hazardous
substances
in
the
environment.
This
is
especially
true
for
many
older
sites
which
were
improperly
located
or
poorly
designed
and
operated.
Love
Canal
is
a well
known
example
of
such
a
site.
This
report
is
largely
devoted
to
the
problems
of
hazardous
substances,
their
entry
into,
movement
through,
and
effects
upon
the
Great
Lakes.
Technology
currently
available
to
destroy
or
remove
these
substances
from
wastes
is
also
described.
The
Great
Lakes
Science
Advisory
Board
has
tried
to
present
the
major
considerations
which
must
be
addressed
in
successfully
resolving
these
problems.
The
Appendix
provides
much
of
the
detailed
background
information
used
in
developing
the
report.
In
this
report
the
Board
stresses
several
principles
concerning
the
hazardous substances problem:
1)
an
approach
that
gives
priority
to
the
most
hazardous
substances;
7)
use
of
only
the
minimum
amounts
of
chemicals
necessary;
3)
beneficial
reuse
of
wastes
or
destruction
rather
than
removal;
and
4)
conversion
to
solid
wastes,
such
as
sludge,
as
a
last
resort.
The
Board's
report
also
reviews
the
activities
of
several
task
forces
and
committees
on
problems
related
to
Great
Lakes
eutrophication.
These
activities
include
development
of
phosphorus
management
strategies,
health
effects
of
non-NTA
detergent
builders,
ecological
effects
of
non-phosphate
detergent
builders,
and
bioavailability
of
phosphorus.
The
Board's
Aquatic
Ecosystem
Objectives
Committee
continued
to
develop
new
and
revised
water
quality
objectives.
The
Joint
Science
Advisory
Board/Water
Quality
Board
Health
Aspects
Committee
has
been
evaluating
human
health
hazards
associated
with
viruses
and
chemicals
in
the
Great
Lakes
basin
ecosystem.
These
Board
activities
are
discussed
briefly
in
Part
X
of
this
report.
The
details
are
available
in
the
relevant
committee
and
task
force
reports.
ii
 
The following reports have
been completed and are available:*
Phosphorus Management for the Great Lakes
- Final Report of the Phosphorus
 
Management Strategies Task Force, Windsor, Ontario, July 1980.
Health Effects of Non-NTA Detergent Builders
- Task Force on Human Health
Effects of Non—Phosphate Detergent Builders, Windsor,
Ontario,
November
1980.
Ecological Effects on Non-Phosphate Detergent Builders - Final Report on
Organic Builders other than NTA - Task Force on Ecological Effects of
Non-Phosphate
Detergent
Builders,
Windsor,
Ontario,
July
1980.
Report of the Aquatic Ecosystem Objectives Committee to the Science
Advisory Board, Windsor, Ontario, November 1980.
1980 Annual
Report of the Committee on the Assessment of Human Health
Effects of Great Lakes Water Quality - Presented to the Great Lakes Water
Quality and the Great Lakes Science Advisory Board,
Windsor, Ontario,
November 1980.
*Available from the IJC Great Lakes Regional
Office,
100 Ouellette Avenue,
Windsor, Ontario, Canada N9A 6T3.
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 I The Hazardous Substances Issue
The Great Lakes basin ecosystem encompasses an area of nearly three—
quarters of a miTTion square kiTometres (three hundred thousand square
miies). It is inhabited by neariy forty miTTion people with a high per capita
use of technoiogy and energy. Aithough the basin is of reiativeiy recent
origin in terms of giaciation, plants and animais inhabiting the basin are the
product of severai biTiion years of ecoiogicai and biospheric history.
Over the past century — particulariy the past 40 years - synthetic
industriai chemicais have been produced in and imported into this ecosystem in
exponentiaiiy increasing amounts. Many of these chemicais are new to the
biosphere. Others have been added at hitherto unknown rates. Some are highiy
res
ist
ant
to
des
tru
cti
on.
The
y h
ave
spr
ead
thr
oug
hou
t t
he
bas
in
eco
sys
tem
and
in some cases have entered human food chains. Some of these substances may be
toxic.
Toxicity, a property of hazardous poTTuting substances, is the abiiity to
produce adverse effects in living organisms when they are exposed to the
substances through ingestion, inhaTation, contact, or injection. As yet there
is n
o in
stru
ment
that
can
meas
ure
toxi
city
; i
t ca
n on
iy b
e de
term
ined
by t
he
response of an organism. Therefore, the concerns about toxicity are strictiy
biologicai in origin.
The toxicity of a substance is not a discrete property but a reiative
 
one. High toxicity has meaning onTy when one substance is compared to
another. A11 eTements, chemicais, and mixtures of chemicais produce toxicity
at some exposure and time. To compare toxicities one must fix either the
amount of the toxicant or the period of exposure. For exampTe, both tabie
sait and arsenic are toxic. However, sait is considered less toxic than
arsenic because more is needed for a fixed exposure time or exposure over a
Tonger period of time is needed for a fixed amount to produce toxic effects.
  
For
some
substances
there
is
a
threshold
dose
or
exposure
below
which
no
adverse
effects
occur,
regardless
of
the
length
of
exposure.
Other
chemicals
are
believed
to
have
no
safe
threshold;
no
amount
may
be
safe.
In
the
1978
Great
Lakes
Water
Quality
Agreement,
a
toxic
substance
is
defined
as
"a
substance
which
can
cause
death,
disease,
behavioural
abnormalities,
cancer,
genetic
mutations,
physiological
or
reproductive
malfunctions
or
physical
deformities
in
any
organism
or
its
offspring,
or
which
can
become
poisonous
after
concentration
in
the
food
chain
or
in
combination
with
other
substances."
This
definition
includes
many
substances
that
are
not
generally
considered
toxic.
Therefore
lists
of
toxic
substances
developed
by
various
individuals
or
agencies
will
not
be
identical.
In
this
report,
the
term
hazardous
substances
will
refer
to
those
substances
that
produce
adverse
effects
from
exposure
to
low
concentrations
or
doses
or
in
short
periods
of
time
and
will
include
the
common
meaning
of
"toxic
substances".
No
attempt
has
been
made
to
provide
a
list
of
specific
substances
which
would
be
considered
as
toxic.
Designing
chemicals
to
achieve
desired
properties
has
advanced
to
a
sophisticated
science
and
has
led
to
the
formulation
of
many
molecular
configurations
to
which
organisms
have
never
been
exposed
and
for
which
there
are
no
metabolic
pathways
to
process
them
through
the
body.
DDT
and
other
insecticides
were
among
the
first
synthetic
chemicals
to
be
produced
in
large
quantities
and
to
be
widely
dispersed
in
the
environment.
Because
these
chemicals
were
designed
to
kill
insects,
their
high
toxicity
to
many
other
organisms
is
not
surprising.
DDT
has
a
low
toxicity
to
humans,
but
a
relatively
high
toxicity
to
aquatic
organisms.
Ironically,
DDT
was
the
first
chemical
to
cause
concerns
in
the
Great
Lakes,
not
because
of
its
toxic
effects,
but
rather
because
residues
of
it
found
in
fish
and
other
organisms
exceeded
the
administrative
guidelines
for
human
food.
Other
hazardous
substances
causing
problems
are
dieldrin,
PCBs,
and
mercury.
As
chemical
usage
increased
to
current
levels
and
more
sensitive
analytical
methods
were
developed
for
more
compounds,
occurrences
of
many
other
chemicals
were
determined.
 Controiiing hazardous substances is fundamentaiiy different from
cont
roii
ing
the
more
conv
enti
onal
poii
utan
ts,
such
as b
ioch
emic
ai
oxyg
en
demand (BOD) or phosphorus, in one respect, there is a iarge number of
haza
rdou
s s
ubst
ance
s an
d ii
ttie
know
iedg
e of
thei
r io
cati
ons,
quan
titi
es,
adverse impacts, or persistence.
This report discusses the probiems of hazardous substances in the Great
Lak
es
bas
in
eco
sys
tem
in
the
con
tex
t o
f t
hei
r b
ioi
ogi
cai
eff
ect
s,
hum
an
hea
ith
effects, transport and fate, sources and controi aiternatives, and presents a
pian
for
atta
ckin
g th
e pr
obie
ms.
The
prob
lem
of P
CBs
in t
he G
reat
Lake
s is
described in Appendix A, as a specific exampie of one hazardous substance.
 

—II Biological Effects
Th
e
ad
ve
rs
e
im
pa
ct
of
ha
za
rd
ou
s
su
bs
ta
nc
es
on
fi
sh
or
ma
n
is
th
e
dr
iv
in
g
fo
rc
e
be
hi
nd
mo
st
po
ll
ut
io
n
ab
at
em
en
t
pr
og
ra
ms
.
Al
th
ou
gh
ef
fe
ct
s
on
hu
ma
n
he
al
th
ar
e
co
ns
id
er
ed
to
be
of
mu
ch
gr
ea
te
r
co
ns
eq
ue
nc
e
wh
en
th
ey
oc
cu
r,
th
ey
ar
e
of
te
n
no
t
re
ad
il
y
di
st
in
gu
is
ha
bl
e
an
d
th
er
ef
or
e
re
ce
iv
e
li
tt
le
at
te
nt
io
n
ex
ce
pt
in
un
us
ua
l
in
st
an
ce
s.
Ho
we
ve
r,
mo
st
of
th
e
"h
ea
dl
in
e"
po
ll
ut
an
ts
of
co
nc
er
n
in
th
e
Gr
ea
t
La
ke
s
du
ri
ng
th
e
la
st
10
ye
ar
s
ha
ve
be
en
th
e
re
su
lt
of
ex
ce
ed
in
g
th
e
re
si
du
e
gu
id
el
in
es
fo
r
fi
sh
us
ed
as
hu
ma
n
fo
od
or
an
im
al
fe
ed
an
d
no
t
as
a
re
su
lt
of
de
mo
ns
tr
at
ed
to
xi
ci
ty
to
aq
ua
ti
c
li
fe
.
Pa
st
Bo
ar
d
an
d
Co
mm
is
si
on
ac
ti
vi
ti
es
ha
ve
em
ph
as
iz
ed
th
e
pr
ot
ec
ti
on
of
aq
ua
ti
c
li
fe
,
es
pe
ci
al
ly
wi
th
re
sp
ec
t
to
es
ta
bl
is
hi
ng
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
.
Ef
fe
ct
s
on
aq
ua
ti
c
li
fe
ar
e
no
t
on
ly
mo
re
ea
si
ly
ob
se
rv
ed
th
an
ef
fe
ct
s
on
ot
he
r
wa
te
r
us
es
,
bu
t
fr
eq
ue
nt
ly
oc
cu
r
at
lo
we
r
co
nc
en
tr
at
io
ns
.
Th
er
ef
or
e
th
ey
ha
ve
re
ce
iv
ed
mo
re
at
te
nt
io
n.
Th
e
Sc
ie
nc
e
Ad
vi
so
ry
an
d
Wa
te
r
Qu
al
it
y
Bo
ar
ds
ha
ve
re
pe
at
ed
ly
em
ph
as
iz
ed
th
e
la
ck
of
su
ff
ic
ie
nt
in
fo
rm
at
io
n
to
de
te
rm
in
e
th
e
bi
ol
og
ic
al
ef
fe
ct
s
of
ha
za
rd
ou
s
su
bs
ta
nc
es
in
th
e
Gr
ea
t
La
ke
s.
Th
e
Bo
ar
d
do
es
no
t
ex
pe
ct
an
y
la
rg
e
in
cr
ea
se
in
re
so
ur
ce
s
be
in
g
ma
de
av
ai
la
bl
e
in
ei
th
er
co
un
tr
y
to
de
te
rm
in
e
bio
log
ica
l e
ffe
cts
.
The
ref
ore
exi
sti
ng
res
our
ces
and
kno
wle
dge
mus
t b
e u
sed
mo
re
wi
se
ly
to
ac
ce
le
ra
te
pr
og
re
ss
in
ev
al
ua
ti
ng
th
e
la
rg
e
nu
mb
er
of
potentially hazardous substances.
Sin
ce
res
idu
es,
the
unw
ant
ed
acc
umu
lat
ion
of
sub
sta
nce
s
in
bio
log
ica
l
ti
ss
ue
s,
ha
ve
be
en
in
th
e
fo
re
fr
on
t
of
pr
ob
le
ms
ca
us
ed
by
ha
za
rd
ou
s
su
bs
ta
nc
es
in
the
Gre
at
Lak
es,
it
wou
ld
be
pru
den
t
to
foc
us
ini
tia
lly
on
tho
se
sub
sta
nce
s
wh
ic
h
fo
rm
re
si
du
es
.
Re
si
du
e
fo
rm
at
io
n,
or
bi
oc
on
ce
nt
ra
ti
on
po
te
nt
ia
l,
ca
n
be
pre
dic
ted
eit
her
by
ana
lyt
ica
l m
eas
ure
men
ts
or
by
cal
cul
ati
ons
fro
m c
hem
ica
l
st
ru
ct
ur
e.
Ne
it
he
r
is
as
ac
cu
ra
te
as
di
re
ct
me
as
ur
em
en
ts
fr
om
ei
th
er
lab
ora
tor
y e
xpo
sur
e
or
fie
ld
mon
ito
rin
g,
but
bot
h
are
wor
th
con
sid
eri
ng
as
a
fi
rs
t
st
ep
gi
ve
n
th
e
cu
rr
en
t
la
ck
of
in
fo
rm
at
io
n.
   
  
 
  
Investigators
have
found
that
the
solubility
in
the
solvent
octanol
is
a
very
good
estimator
of
the
substance's
bioconcentration
potential
and
is
easily
measured.
A
reasonable
estimate
of
octanol
solubility
can
be
made
from
knowledge
of
the
molecular
structure
without
actual
measurement.
 
A
substances'
relative
solubility
in
water
and
octanol
is
often
expressed
as
a
logarithmic
term
called
the
partition
coefficient
(pK).
It
is
possible
to
predict
the
bioconcentration
potential
of
a
hazardous
substance
(how
it
will
distribute
itself
in
fish,
or
other
organisms
or
in
water)
by
knowing
the
pK.
If
a
substance
has
a
bioconcentration
factor
of
10,000,
then
a
one
pound
trout
would
carry
the
same
quantity
of
the
substance
as
5
tons
(or
about
20,000)
glasses
of
water.
However,
the
bioconcentration
potential,
tissue
concentration
divided
by
water
concentration,
will
not
be
especially
useful
unless
a
judgement
can
be
made
on
the
acceptable
residue
limits.
This
requires
animal
data
for
chronic
exposure
that
can
be
extrapolated
to
human
beings
or
epidemiological
data.
The
1980
report
of
the
HQB/SAB
Committee
on
the
Assessment
of
Human
Health
Effects
of
Great
Lakes
Water
Quality
states
that
of
the
381
compOunds
listed
in
Appendix
E
of
the
1978
Annual
Report
of
the
Water
Quality
Board(1),
only
89
had
sufficient
acute
or
chronic
toxicity
data
available
to
allow
for
meaningful
toxicity
evaluations.
Of
these,
18
were
acutely
toxic
but
had
insufficient
chronic
toxicity
data,
and
38
were
found
to
cause
chronic
effects
in
animals.
Thirty-three
were
known
to
cause
chronic
effects
in
man.
Much
more
information
must
be
generated
in
order
to
establish
exposure
levels
that
are
acceptable,
and
then
to
establish
permissible
residue
limits
for
Great
Lakes fish.
The
data
required
for
making
decisions
are
of
a
routine
nature
and
a
mechanism
is
needed
to
develop
them
outside
the
research
community.
The
Board
is
not
aware
of
any
such
mechanism
nor
even
that
anyone
has
been
assigned
the
responsiblity
for
meeting
this
need.
Clearly,
this
routine
data
need
should
not
be
classified
as
"research".
Research
scientists
should
not
be
expected
to
develop
these
data,
especially
since
they
are
generally
unwilling
to
do
so
 —
—
P
and their laboratories are not designed and operated to produce large amounts
of routine data. Even if funds are forthcoming and a mechanism is created, a
long time will elapse before sufficient data will emerge. Decisions cannot
wait until these data are available.
Much expertise exists in federal, provincial, and state health and
environmental agencies. Undoubtedly there are also data held by these
agencies and the private sector, that have not been used or released. An
effort should be mounted immediately to consolidate such expertise and data in
order to establish permissible residues where the information is sufficient,
and
flag
thos
e su
bsta
nces
for
whic
h da
ta a
re m
ost
need
ed b
ut u
nava
ilab
le.
A
cooperative effort between both countries including all governmental levels
would be more complete and acceptable than if done individually. Such an
effort might also reduce the problem of different limits being established by
the various jurisdictions.
Data for toxic effects on aquatic organisms are needed as well, and most
of t
he a
bove
disc
ussi
ons
on r
esid
ues
is a
ppli
cabl
e he
re t
oo.
Dete
rmin
atio
n of
effects appears to be more standardized for health evaluations than for
non-health related considerations. Therefore, there is a need for agreement
on the data sets required as well as to develop a data base and a mechanism
for
gen
era
tin
g t
he
data
.
Her
e,
as
for
hea
lth
eff
ect
s,
rou
tin
e i
nfo
rma
tio
n i
s
needed, be it laboratory or field data. Just as for residue data, the needs
are
rou
tin
e a
nd
res
ear
ch
bud
get
s s
hou
ld
not
be
exp
ect
ed
to
sup
por
t s
uch
‘wo
rk.
While necessary for regulation, the data per se are not an inherent part of
regulatory actions; and so can be jointly produced and shared without
interference with local authority. A hazard assessment framework based on
current knowledge, needs to be adopted and routine data should be produced to
provide a basis for wise regulation.
Because the organisms and communities to be protected are diverse and not
well
char
acte
rize
d in
some
inst
ance
s,
agre
emen
t is
ofte
n sl
ight
when
grou
ps
 
try to arrive at a hazard assessment plan. Such disagreement has a place in
research where ideas must be tested and defended against peer review. Such
debate, however, will thwart regulatory activity if the framework for hazard
ass
ess
men
t d
epe
nds
on
gen
era
l a
gre
eme
nt
amo
ng
the
sci
ent
ifi
C'c
omm
uni
ty.
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 In order to move ahead on hazard assessment within the Great Lakes Water
Quality Agreement activities, those responsible for the framework will have to
accept incomplete knowledge and therefore deficiencies and errors. Any plan
will need revision periodically as better techniques are devised. However,
there is no reason to expect any quantum leaps in the field in the immediate
future and, therefore, no reason to delay adopting an approach for current
USE.
Cooperative efforts among the jursidictions involving pooling of resources
to generate data, use of a single data handling system, and common procedures
for risk assessment will reduce costs and permit more complete information to
be generally available in a shorter time. The Commission can play a vital
role by promoting and fostering this international effort in a way that cannot
be done by individual jurisdictions.
 III Human Health Effects
Whi
le
haz
ard
ous
sub
sta
nce
s
can
aff
ect
all
for
ms
of
lif
e
in
the
eco
sys
tem
,
the
eff
ect
s o
n a
qua
tic
lif
e,
esp
eci
all
y f
ish
, o
fte
n r
ece
ive
s m
ore
att
ent
ion
fr
om
th
e
me
di
a
and
th
e
pu
bl
ic
th
an
ot
he
r
bi
ol
og
ic
al
ef
fe
ct
s.
Man
,
too
,
is
a
par
t o
f t
he
eco
sys
tem
and
wil
l
be
aff
ect
ed
by
eve
nts
occ
urr
ing
in
it.
Sin
ce
peo
ple
mov
e
in
and
out
of
the
Gre
at
Lak
es
bas
in
and
,
mor
e
imp
ort
ant
ly,
eat
foo
d a
nd
bre
ath
e a
ir
fro
m o
uts
ide
the
bas
in,
det
ect
ing
imp
act
s o
f w
ate
r
qu
al
it
y
in
th
e
Gr
ea
t
La
ke
s
on
hu
ma
ns
is
di
ff
ic
ul
t.
Fu
rt
he
rm
or
e,
epi
dem
iol
ogi
cal
stu
die
s,
whi
ch
are
the
mos
t
imp
ort
ant
tec
hni
que
for
det
erm
ini
ng
suc
h
eff
ect
s,
hav
e
poo
r
res
olv
ing
pow
er
and
are
com
pli
cat
ed
by
man
y f
act
ors
.
In
add
iti
on,
epi
dem
iol
ogy
dep
end
s o
n c
orr
ela
tio
ns
tha
t d
o n
ot
ne
ce
ss
ar
il
y
pr
es
en
t
ca
us
e
and
ef
fe
ct
ev
id
en
ce
.
Th
is
sc
ie
nc
e
de
pe
nd
s
on
a
lar
ge
num
ber
of
obs
erv
ati
ons
and
rep
eat
ed
stu
die
s.
Suf
fic
ien
t d
ata
hav
e n
ot
yet
bee
n
col
lec
ted
to
per
mit
any
con
clu
sio
ns
to
be
dra
wn
con
cer
nin
g
hum
an
health effects from Great Lakes water quality.
In
pre
vio
us
rep
ort
s,
the
Boa
rd
has
poi
nte
d
out
the
nee
d
for
a b
ett
er
as
se
ss
me
nt
of
he
al
th
ef
fe
ct
s
fr
om
wa
te
r
qu
al
it
y
co
nd
it
io
ns
in
th
e
Gr
ea
t
La
ke
s.
Tw
o
of
th
e
pr
in
ci
pa
l
ro
ut
es
fo
r
hu
ma
n
ex
po
su
re
to
ha
za
rd
ou
s
su
bs
ta
nc
es
in
the
Gre
at
Lak
es
are
thr
oug
h d
rin
kin
g w
ate
r a
nd
eat
ing
fis
h.
A s
tud
y
co
mp
le
te
d
by
Dr
.
H.
E.
B.
Hu
mp
hr
ey
of
th
e
Mi
ch
ig
an
De
pa
rt
me
nt
of
Pu
bl
ic
Hea
lth
(2)
exa
min
es
the
cor
rel
ati
on
bet
wee
n P
CB
res
idu
es
in
Lak
e M
ich
iga
n f
ish
an
d
co
nc
en
tr
at
io
ns
of
PC
Bs
in
th
e
bl
oo
d
of
re
si
de
nt
s
co
ns
um
in
g
su
ch
fi
sh
.
Thi
s s
tud
y d
oes
not
pro
vid
e d
ata
to
sho
w w
het
her
the
int
ake
of
PCB
s c
aus
es
he
al
th
ef
fe
ct
s.
It
do
es
de
mo
ns
tr
at
e
th
at
th
e
hi
gh
er
bl
oo
d
le
ve
ls
fo
un
d
in
tho
se
eat
ing
lar
ge
qua
nti
tie
s o
f f
ish
, f
rom
fou
r d
iff
ere
nt
pop
ula
tio
ns,
are
hi
gh
ly
co
rr
el
at
ed
to
th
e
PC
Bs
in
La
ke
Mi
ch
ig
an
fis
h.
Ma
ny
ot
he
r
an
im
al
stu
die
s,
for
exa
mpl
e A
lle
n a
nd
Bar
sot
ti(
3),
sho
w t
he
eas
e o
f P
CB
upt
ake
fro
m
fo
od
and
le
ave
li
tt
le
do
ub
t
th
at
th
e
co
rr
el
at
io
ns
wh
ic
h
Hu
mp
hr
ey
fo
un
d
are
not
due to chance.
The
cru
cia
l q
ues
tio
n n
ot
add
res
sed
in
Hum
phr
ey'
s s
tud
y i
s:
Wha
t a
dve
rse
ef
fe
ct
s,
if
an
y,
sh
ou
ld
be
ex
pe
ct
ed
?
Th
is
qu
es
ti
on
is
cu
rr
en
tl
y
be
in
g
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investigated
by
ongoing
studies,
the
results
of
which
are
not
yet
available.
However, two conclusions can be made from Humphrey's study with a reasonable
degree
of
confidence.
First,
hazardous
substances
that
occur
in
the
Great
Lakes water and bioconcentrate in fish can be traced through food chains and
found
in
humans
consuming
the
fish.
Second,
consumption
of
sport
fish
can
be
a significant
source of enhanced exposure for select populations,
and is a
source
that may
not
be easily
controlled
by present
regulatory efforts.
To the extent that the suggested permissible total cumulative dose of 200
mg
of PCBs
established
by the
U.S.
Food
and
Drug
Administration
is valid,
these select populations will obtain such a dose in a little over four years
rather
than
in
a
lifetime
thereby
incurring
an
increased
risk.
Swain(4)
discusses
yet
another
ramification
of
special
high
risk
populations.
He cites
the
data
of
Allen
and
Barsotti(3)
as
providing
strong
evidence that infant monkeys receive high doses of PCBs through mother's
milk.
There
is
no
reason
to
assume
humans
are
different.
Several
studies
cited by Swain(4) report PCB levels in human mother's milk of
.01 to .03 ppm
with
some values
even
higher.
Unlike
adults,
consuming
a small
percentage
of
their total diet as PCB contaminated fish, nursing infants get almost 100% of
their
diet
as
milk!.
Coupled
with
a probable
greater
sensitivity of
infants
and the pronounced tendency for PCBs to have a long residence time in the
human
body,
this
represents
an
enormously
larger
dose
for
nursing
infants
than
for adults, even those who eat above average amounts of fish.
These
observations
and
extrapolations
suggest
some
questions
that
the
Commission should resolve.
First,
these examples demonstrate that there are
at
least
small
populations
exposed
to
higher
than
average
risk
that may
not
be
adequately protected by nationally based limits (e.g.
FDA action levels)
because
the
source
of
exposure
is not
controlled
by
any
regulatory
agency
or
because consumption is well
above the averages upon which the allowable food
concentration
is
based.
The Commission
should
advise the
Governments
to
ensure
that
all
jurisdictions
have
adequate
regulations
to protect
such
populations
from
higher
than
average
exposure.
This
issue
is
completely
separate from the question of whether the dose received is in fact harmful or
not.
It is separate because a sound argument can be made that small
10
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sub-populations within the Basin deserve the same degree of protection (or
margin of safety) as is given to the average citizen. The Commission could
play a more active role in assuring that everyone has sufficient information
i in an understandable form, to appreciate how his risk compares to that of the
average person.
The results of the Humphrey(2) study also suggest that there are
characteristics unique to the Great Lakes and associated socio-economic
features that result in a risk to the region's inhabitants different from that g
of the average citizen in either country. For example, the most desirable i
groups of edible fishes in the Great Lakes, especially the upper lakes and
Lake Michigan, are lake trout and salmon. These species also happen to be
high in fat, and therefore usually have higher residues than other less fatty
fish living in the same waters. In the case of sport fish consumption, in the
Great Lakes basin, this intake could prove to be much more significant than in
other geographic areas.
Another feature of the Great Lakes basin is the proximity of large
populations to productive fishing waters. A large number of fishermen may
catch and eat more sport fish than the average individual. Should current
efforts succeed in improving water quality, achieving higher fish populations,
and restoring the lakes to their original condition of large salmonid
 
populations, fish consumption Could be expected to increase for even larger
sub-populations within the basin. Unless residue levels in fish are reduced,
more people will receive a higher than average exposure to hazardous
substances.
The foregoing discussion raises a basic question for the Commission,
namely when should there be additional efforts to protect populations with
higher than average exposure? Some jurisdictions make a concerted effort to
ensure that sports fishermen are aware of the possible consequences of eating
sport fish, for example the Ontario Ministries of Natural Resources and the
Environment annually publish a "Guide to Eating Ontario Sport Fish". However,
these efforts are not widespread nor consistent throughout the basin. The
responsibility for protecting sub-populations at risk needs to be clearly
delineated.
 Another route for exposure to hazardous
substances
is drinking water taken
from the Great Lakes. Both the United States and Canada have given added
attention to this question
in recent years.
Most of the efforts have focused
on pesticides and organic compounds formed as a result of chlorination such as
1
chloroform and other haloforms, but the efforts have not been comprehensive
for all major chemical groups.
Ontario issued a report in April
1977(5) which provides data on haloform
concentrations in chlorinated drinking water taken from various sources,
including the Great Lakes.
Table 1 from the report shows that chlorinated
drinking water from the various Great Lakes contained about 40% of the
chloroform concentrations found
in finished water taken from rivers, but
had
about 200% of the concentrations in finished water from groundwater sources.
However, there was essentially no difference in the dichlorobromethane
concentration among drinking waters taken from the three souces.
Table 2 from
the same report shows that chlorinated drinking water obtained from Lake Erie
has distinctly higher concentrations of both chemicals than water from Lakes
Superior, Huron or Ontario.
TABLE 1
AVERAGE TOTAL HALOFORM CONCENTRATIONS
IN CHLORINATED DRINKING WATER FROM VARIOUS SOURCES
 
Source
No.
CHC13 Concentration
CHClzBr Concentration
of
(u /L)
(ug/L)
Sites Average Low High Average Low High
Rivers
l4
82
23
159
9
nd
22
Lakes*
2
79
42
116
55
4
7
Great Lakes 23 31 6 75 10 nd 19
Wells
7
17
nd
60
8.9
nd
41
      
* 2 locations in Sudbury
nd — not detected
Source:
"Organics in Ontario Drinking Waters.
Part II.
A Survey of Selected
Water Treatment Plants". Smillie, R.D. gt al.(5)
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 TABLE 2
AVERAGE TOTAL HALOFORM CONCENTRATIONS
IN CHLORINATED DRINKING WATER FROM GREAT LAKES SOURCES
CHC13 Average CHClzBr Average
Concentration Concentration
Gre
at
Lak
e
No.
of
Sit
es
ug/
L,
(0%
)*
ug/
L,
(0%
)*
Superior 2 22, (71) 3.5, (141)
Hur
on
8
36,
(29
)
10,
(26
)
Erie 4 51, (41) 15, (29)
Ont
ari
o
9
20,
(51
)
10,
(39
)
* Relative standard deviation
Sour
ce:
“Org
anic
s in
Onta
rio
Drin
king
Wate
rs.
Part
II.
A Su
rvey
of S
elec
ted
Wat
er
Tre
atm
ent
Pla
nts
".
Smi
lli
e,
R.D
. §
t_a
l.(
5)
Sym
ons
,
gt
al.
(6)
rep
ort
ed
res
ult
s
of
a U
.S.
Nat
ion
al
Org
ani
c
Reconnaissance Survey for Halogenated Organics. The 80 water treatment plants
stu
die
d i
ncl
ude
d s
ome
usi
ng
the
Gre
at
Lak
es
as
a w
ate
r s
our
ce.
Thi
s s
tud
y
showed, as did Ontario's report, that haloform levels in Great Lakes drinking
wat
er
are
at
rel
ati
vel
y l
ow
con
cen
tra
tio
ns
whe
n c
omp
are
d w
ith
oth
er
loc
ati
ons
.
Both
stud
ies
show
that
most
of t
he h
alof
orms
, e
spec
iall
y ch
loro
form
, a
re
cre
ate
d a
s a
res
ult
of
chl
ori
nat
ion
rat
her
tha
n b
ein
g p
res
ent
in
the
raw
wat
er
used
.
Halo
form
s in
the
U.S.
stud
y we
re c
orre
late
d wi
th n
on-v
olat
ile
tota
l
org
ani
c c
arb
on
whi
le
the
Ont
ari
o r
epo
rt
ass
oci
ate
s t
hem
wit
h "
org
ani
c
load
ing"
.
Main
tain
ing
a lo
w or
gani
c co
nten
t in
wate
r sh
ould
redu
ce t
he a
moun
t
of
hal
ofo
rms
pro
duc
ed.
Pre
sen
t e
ffo
rts
to
red
uce
eut
rop
hic
ati
on
of
the
Gre
at
Lake
s sh
ould
also
redu
ce t
otal
orga
nic
carb
on c
once
ntra
tion
s an
d th
eref
0re
hel
p c
urt
ail
the
pro
duc
tio
n o
f h
alo
for
ms
in f
ini
she
d d
rin
kin
g w
ate
r.
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 F
i
n
a
l
l
y
,
t
h
e
B
o
a
r
d
w
i
s
h
e
s
to
p
o
i
n
t
o
ut
t
h
e
r
e
l
a
t
i
v
e
i
n
t
a
k
e
o
f
h
a
z
a
r
d
o
u
s
substances
from
eating
fish
and
drinking
water.
It
is
estimated
that
a
70
k
i
l
o
g
r
a
m
person
consumes
about
2000
grams
of
wa
t
e
r
per
day.
A
ve
r
a
g
e
fish
consumption
in
the
U.S.,
and
it
can
be
assumed
that
Canadian
consumption
is
comparable,
varies
between
10
and
20
grams
per
day.
For
c
o
m
p
o
un
d
s
that
do
not
bioconcentrate,
the
water
intake
is
about
100
times
greater
than
the
fish
intake.
If
a
c
o
m
p
o
u
n
d
b
i
o
c
o
n
c
e
n
t
r
a
t
e
s
1
0
0
t
i
m
e
s
,
u
s
u
a
l
l
y
c
o
n
s
i
d
e
r
e
d
to
represent
a
minimal
value,
the
intake
is
equal.
For
compounds
such
as
PCBs,
t
h
a
t
b
i
o
c
o
n
c
e
n
t
r
a
t
e
1
0
0
,
0
0
0
to
1
,
0
0
0
,
0
0
0
t
i
m
e
s
,
t
h
e
i
n
t
a
k
e
f
r
o
m
f
i
s
h
is
1
,
0
0
0
to
10,000
times
larger
than
from
water.
In
other
words,
one
150
gram
(6
ounce)
meal
of
fish
provides
as
much
e
xp
o
s
ur
e
as
three
or
more
years
of
drinking
water.
This
example
illustrates
why,
in
past
reports,
the
Board
has
stressed
the
importance
of
f
o
c
us
i
n
g
control
efforts
on
those
hazardous
substances
that
have
a
high
bioconcentration
potential.
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V
T
r
a
n
s
p
o
r
t
a
n
d
F
a
t
e
T
h
e
i
m
p
a
c
t
o
f
h
a
z
a
r
d
o
u
s
s
u
b
s
t
a
n
c
e
s
d
i
s
c
h
a
r
g
e
d
i
n
t
o
w
a
t
e
r
b
o
d
i
e
s
s
u
c
h
a
s
t
h
e
G
r
e
a
t
L
a
k
e
s
,
d
e
p
e
n
d
s
n
o
t
o
n
i
y
o
n
t
h
e
i
r
t
o
x
i
c
i
t
y
b
u
t
a
i
s
o
t
h
e
w
a
y
s
i
n
w
h
i
c
h
t
h
e
y
m
o
v
e
t
h
r
o
u
g
h
t
h
e
1
a
k
e
s
.
T
r
a
n
s
p
o
r
t
a
n
d
f
a
t
e
p
e
r
t
a
i
n
s
t
o
h
o
w
c
h
e
m
i
c
a
i
s
w
i
i
i
m
o
v
e
t
h
r
o
u
g
h
t
h
e
1
a
k
e
s
,
h
o
w
t
h
e
y
w
i
i
i
d
e
g
r
a
d
e
,
w
h
e
r
e
t
h
e
y
w
i
i
i
r
e
s
i
d
e
f
o
r
s
h
o
r
t
a
n
d
i
o
n
g
p
e
r
i
o
d
s
,
a
n
d
h
a
y
t
h
e
y
w
i
i
i
b
e
r
e
m
o
v
e
d
f
r
o
m
t
h
e
s
y
s
t
e
m
.
V
a
r
i
o
u
s
c
h
e
m
i
c
a
i
s
e
x
h
i
b
i
t
d
i
f
f
e
r
e
n
t
t
r
a
n
s
p
o
r
t
a
n
d
f
a
t
e
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
a
s
a
r
e
s
u
i
t
o
f
t
h
e
i
r
i
n
d
i
v
i
d
u
a
i
p
h
y
s
i
c
a
i
-
c
h
e
m
i
c
a
i
p
r
o
p
e
r
t
i
e
s
.
T
h
e
s
e
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
a
f
f
e
c
t
t
h
e
s
u
r
v
e
i
i
i
a
n
c
e
a
p
p
r
o
a
c
h
n
e
e
d
e
d
t
o
m
o
n
i
t
o
r
t
h
e
c
h
e
m
i
c
a
i
s
;
t
h
e
i
o
a
d
i
n
g
s
t
h
a
t
r
e
s
u
i
t
i
n
v
a
r
i
o
u
s
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
t
h
e
w
a
t
e
r
,
s
e
d
i
m
e
n
t
,
a
n
d
b
i
o
t
a
;
t
h
e
c
o
n
t
r
o
i
p
r
o
g
r
a
m
s
t
h
a
t
a
r
e
r
e
q
u
i
r
e
d
;
a
n
d
t
h
e
c
o
s
t
/
b
e
n
e
f
i
t
r
a
t
i
o
s
t
h
a
t
c
a
n
b
e
e
x
p
e
c
t
e
d
f
r
o
m
c
o
n
t
r
o
i
e
f
f
o
r
t
s
.
S
o
m
e
o
f
t
h
e
m
o
r
e
i
m
p
o
r
t
a
n
t
f
a
t
e
a
n
d
t
r
a
n
s
p
o
r
t
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
p
e
r
t
i
n
e
n
t
t
o
t
h
e
G
r
e
a
t
L
a
k
e
s
a
r
e
d
i
s
c
u
s
s
e
d
b
e
i
o
w
.
P
e
r
h
a
p
s
o
n
e
o
f
t
h
e
m
o
s
t
i
m
p
o
r
t
a
n
t
p
r
o
p
e
r
t
i
e
s
o
f
h
a
z
a
r
d
o
u
s
s
u
b
s
t
a
n
c
e
s
f
o
r
1
a
r
g
e
1
a
k
e
s
i
s
t
h
e
i
r
p
e
r
s
i
s
t
e
n
c
y
i
n
t
h
e
w
a
t
e
r
,
s
e
d
i
m
e
n
t
,
a
n
d
b
i
o
t
a
.
P
e
r
s
i
s
t
e
n
c
e
r
a
n
g
e
s
f
r
o
m
i
n
f
i
n
i
t
y
f
o
r
e
l
e
m
e
n
t
s
s
u
c
h
a
s
m
e
r
c
u
r
y
,
t
o
a
v
e
r
y
t
r
a
n
s
i
e
n
t
e
x
i
s
t
e
n
c
e
f
o
r
c
h
e
m
i
c
a
i
s
s
u
c
h
a
s
f
r
e
e
c
h
i
o
r
i
n
e
.
B
a
s
e
d
o
n
p
e
r
s
i
s
t
e
n
c
e
a
i
o
n
e
,
a
r
e
a
s
o
n
a
b
i
e
p
r
e
d
i
c
t
i
o
n
c
a
n
b
e
m
a
d
e
o
f
h
o
w
e
x
t
e
n
s
i
v
e
t
h
e
o
c
c
u
r
r
e
n
c
e
o
f
a
s
u
b
s
t
a
n
c
e
c
o
u
l
d
b
e
i
n
t
h
e
i
a
k
e
s
.
M
a
n
y
o
f
t
h
e
h
e
a
d
i
i
n
e
c
o
n
t
a
m
i
n
a
n
t
s
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
o
v
e
r
t
h
e
p
a
s
t
f
i
f
t
e
e
n
y
e
a
r
s
h
a
v
e
b
e
e
n
s
u
b
s
t
a
n
c
e
s
t
h
a
t
a
r
e
h
i
g
h
i
y
p
e
r
s
i
s
t
e
n
t
.
T
h
e
y
e
n
t
e
r
t
h
e
1
a
k
e
s
f
r
o
m
m
a
n
y
s
o
u
r
c
e
s
,
a
r
e
f
o
u
n
d
t
h
r
o
u
g
h
o
u
t
t
h
e
1
a
k
e
s
,
a
n
d
a
r
e
c
o
n
t
i
n
u
o
u
s
i
y
p
r
e
s
e
n
t
.
E
x
a
m
p
i
e
s
i
n
c
i
u
d
e
D
D
T
,
d
i
e
i
d
r
i
n
,
m
i
r
e
x
,
P
C
B
s
,
p
h
t
h
a
i
a
t
e
s
,
a
n
d
m
e
r
c
u
r
y
.
S
u
c
h
s
u
b
s
t
a
n
c
e
s
a
r
e
u
s
u
a
i
i
y
f
o
u
n
d
d
i
s
t
r
i
b
u
t
e
d
t
h
r
o
u
g
h
o
u
t
t
h
e
e
c
o
s
y
s
t
e
m
a
t
d
i
f
f
e
r
e
n
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
s
e
d
i
m
e
n
t
,
w
a
t
e
r
,
a
n
d
b
i
o
t
a
.
P
e
r
s
i
s
t
e
n
t
s
u
b
s
t
a
n
c
e
s
w
i
i
i
e
v
e
n
t
u
a
i
i
y
b
e
w
i
d
e
i
y
d
i
s
p
e
r
s
e
d
i
n
t
h
e
1
a
k
e
s
t
h
r
o
u
g
h
v
a
r
i
o
u
s
m
e
c
h
a
n
i
s
m
s
;
s
o
m
e
o
f
w
h
i
c
h
a
r
e
d
i
s
c
u
s
s
e
d
i
n
t
h
i
s
s
e
c
t
i
o
n
.
S
u
r
v
e
i
i
i
a
n
c
e
p
r
o
g
r
a
m
s
w
i
t
h
l
a
k
e
-
w
i
d
e
c
o
v
e
r
a
g
e
w
i
1
1
d
e
t
e
c
t
p
e
r
s
i
s
t
e
n
t
s
u
b
s
t
a
n
c
e
s
.
S
a
m
p
i
i
n
g
f
o
r
1
e
s
s
p
e
r
s
i
s
t
e
n
t
s
u
b
s
t
a
n
c
e
s
m
u
s
t
b
e
d
o
n
e
c
l
o
s
e
r
t
o
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the
source
since
such
substances
will
disappear
sooner
.
There
is
no
relation
between persistence and toxicity.
Persistency,
increases the area affected
but
not
necessarily
the
toxic
effects
with
the
area
of
occurrence.
There
are
no
standardized
or
generally
accepted
tests
for
persistence
that
are
specifically
tailored
for
Great
Lakes
conditions.
The
development,
validation,
and
acceptance
of
such
methods
is
a matter
of
some
importance
and
should
be
vigorously
promoted.
High
persistence,
such
as
that
displayed
by
PCBs,
is not
characteristic
of
the majority
of
industrial
chemicals.
Measurements
of
environmental
degradation
rates,
therefore,
would
aid
in
setting priorities on hazardous substances
and in hazard assessment
evaluations.
Another
important
property
of
some
chemicals,
in
terms
of
their
fate
and
transport in the Takes, is the tendency to adsorb or absorb (sorb) on
suspended
solids
in
the
water
such
as
silt,
clay,
algae,
and
bacteria,
or
on
surfaces such as vegetation.
Because of the large water volume and relatively
small
surface
area
of
vascular
plants,
suspended
solids
are
likely
to
be
important
in
the
Great
Lakes.
Through
various
coagulating
mechanisms,
nearly
all
suspended
solids
settle.
If
they
did
not,
the
lakes
would
be
much
more
turbid
because
there
is
a
large
input
of
colloidal
material
from
tributaries
that
would
not
settle
without
coagulation.
The
settling
of
suspended
solids
is
an
important
transport
mechanism for
those
substances
that
have
high
Sorbtion
characteristics
because
sedimentation
carries
the
substances
from
the
water
column
to the
bottom
sediments
and
depletes
the water
concentration.
The
principle
is
akin
to
the
scavenging
of
pollutants
from
the
air
by
rain.
The rate
of
settling
depends
on
the
density
and
size
of
the
particles
and the
depth
of
the
water.
Lake
currents
and
wave
action
can
resuspend
sediments
and
transport
substances
into the
water
column
again.
Sorption
onto
suspended
particles
and
subsequent
settling
explains
why
many
substances
are
found
in
high concentrations in 5(iiments.
Steen
gt
al.(7)
and
Hassett
gt_al.(8)
have
shown
a
strong
correlation
between
the
total
organic
carbon
(TOC)
content
of
suspended
particles,
including
soil
particles,
and
the
sorption
of
organic
chemicals
on
such
 particles. In the lower lakes, where the TOC of suspended material is
generally greater than it is in the upper lakes, the particulate material is a
more significant transport mechanism. A given loading of a hazardous
substance per unit volume of water will distribute itself differently within
the lake compartments depending upon the TOC content of the suspended material.
The affinity of chemicals for the particles changes the biological
availability and therefore the biological effects. As an example, Ferguson et
al.(9) have shown that endrin sorbed onto particles is less toxic than endrin
in solution. In the Great Lakes where chemical/physical conditions can vary
due to phenomenon such as stratification and deoxygenation, substancesmay
desorb or be held less tightly and alter their biological and chemical
behavior. Through such mechanisms, sediments may become sources rather than
sinks for hazardous substances.
Whether suspended solids in water are beneficial or detrimental depends on
many conditions. The public generally prefers clear water of high
transparency. 0n the other hand, without suspended solids settling to the
bottom and carrying with themmany tons of sorbed substances, the water column
is likely to contain a much larger proportion of the total input of hazardous
substances, and these unsorbed substances are likely to cause more biological
harm.
The disposal of contaminated dredged material in the open waters of the
lakes may also be a significant source of hazardous substances. Once in the
lakes, the particles function in much the same manner as other particulates,
changing with time and conditions.
Solubility plays a major role in the sorbtion tendency. Substances, such
as sodium chloride, which are highly water soluble are poorly sorbed. PCBs or
DDT are very water insoluble and usually sorb readily. Solubility also plays
an important role in a different mechanism, i.e. the accumulation of
substances as residues in living tissue especially in lipid (fat). Some
chemicals are hundreds or thousands of times more soluble in lipids than in
water. In the case of a fish with high fat content the concentration of PCBs
17
  
 or DDT is strongly enhanced by the high fat solubility of these substances.
However, the concentrations of PCBs and DDT in a fish also depends on its food
habits, growth rate, and age. The increased concentration of chemicals in
fish over that of the water is called the bioconcentration factor. In a
mature lake trout or salmon this factor may reach a value as high as 1
million, i.e. the concentration of PCBs in fish may be 1 million times greater
than that of the water.
Sorption and solubility result in a behavioral pattern of hazardous
substance called compartmentalization. Compartmentalization refers to the
relative amounts of the substances occurring in various parts of the lake,
such as suspended solids, water, sediment, and aquatic organisms. Naturally,
the manner in which proportioning of the substances among these compartments
occurs, drastically changes the effects of a given loading. Water soluble
substances added to the lake, will occur principally in the water whilewater
insoluble substances will be principally in the suspended solids and
sediment. The total quantity in the aquatic organism compartment is likely to
be small because the biomass is far less than for sediment but the
concentration may be quite high compared to that in the water. However,
acceptable residue limits are expressed as tissue concentration and the impact
on a small compartment, the edible fishes, may be large. Therefore, the
distribution between compartments is very significant in determining the
impact of a given lake loading.
A knowledge of compartmentalization is essential in order to assess the
significance of a given loading on the lakes and their biota. Such knowledge
is equally important in devising surveillance programs. The monitoring
program currently being conducted on herring gulls is based on this
compartmentalization. The pattern of compartmentalization is not fixed but
changes as physical/chemical conditions change. It is necessary to know the
rate at which changes occur as well as the equilibrium conditions.
The degradation or alteration of hazardous substances after their entrance
into the lakes may also be significant. If hazardous substances are not
persistent, they leave via evaporation, or degradation. Degradation usually
18
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proceeds to yield common substances such as carbon dioxide, water, and
nitrate. Often, however, the degradation sequence produces intermediate
substances, which, if the products are very toxic, may exist long enough to
cause harm. Chemical degradation is important, but microbial degradation is
frequently more significant for many organic compounds. The degradation
pathway needs to be established to determine the nature and effects of
intermediates.
Transformations of one substance to another have also been found to be
important in the lakes. Examples are conversion of inorganic mercury to
organic mercury compounds, heptachlor to heptachlor epoxide, and DDT to DDE,
which has a more significant effect than DDT on egg shell thinning in birds
exposed to it. In these examples, the transformation product is more toxic
than the original one. Although chemists can usually predictsuch
transformations, as in the case of methyl mercury, the role of microorganisms
must not be overlooked.
In determining ways and means of reducing the production of those
pollutants adversely affecting the aquatic ecosystem the "monitoring" function
will have to be extended to cover the generation, uses, transportation, and
disposal practices for such pollutants as well as their environmental
 
diffusion and fate.
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V Sources
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p
r
o
g
r
a
m
to
m
e
a
s
ur
e
the
loading
to
the
basin
or
even
to
the
lakes
from
the
atmosphere.
This
situation
continues
even
though
evidence
accummulates
that
airborne
deposition
is
the
s
i
g
n
i
f
i
c
a
n
t
source
of
some
c
o
n
t
a
m
i
n
a
n
t
s
to
the
lakes.
The
Board
expended
some
of
its
resources
during
the
past
year
to
accumulate
existing
information
on
present
loadings
f
r
o
m
the
atmosphere.
Evidence
is
strong
that
the
atmosphere
is
the
major
source
of
PCBs
to
Lake
Superior.
A
i
r
b
o
r
n
e
inputs
of
p
h
o
s
p
h
o
r
us
have
been
r
e
c
o
g
n
i
ze
d
as
substantial
for
some
years.
The
global
distribution
of
DDT
in
the
Arctic
ice
sheet
and
other
remote
areas
s
t
r
o
n
g
l
y
suggests
that
a
t
m
o
s
p
h
e
r
i
c
d
e
p
o
s
i
t
i
o
n
is
a
m
a
j
o
r
pathway
for
distributing
some
contaminants
throughout
the
ecosystem.
With
both
nations
planning
to
generate
more
electrical
power
from
burning
coal,
the
Board
believes
that
the
Commission
must
take
a
more
informed
and
aggressive
role
on
atmospheric
deposition
if
the
Great
Lakes
are
to
be
protected.
ATMOSPHERIC SOURCES
Only
recently
has
an
appreciation
developed
for
the
relative
impact
of
atmospheric
deposition
on
water
quality.
Air
masses
circling
the
globe
become
"polluted"
by
accumulating
chemical
components
emitted
from
point
(smoke
stack)
and
nonpoint
sources
(sanitary
landfills,
urban
areas).
Most
areas
of
the
earth
experience
detectable
degradation
from
atmospheric
components.
To
emphasize
the
point,
a
recent
National
Academy
of
Sciences
(NAS)
report
on
PCBs
in
the
e
n
vi
r
o
n
m
e
n
t
(
l
l
)
stated
that
the
north
A
t
l
a
n
t
i
c
Ocean
is
the
m
a
j
o
r
global
sink
for
PCBs.
Nearly
all
reach
the
ocean
as
a
result
of
atmospheric
transport
and
deposition.
A
detailed
discussion
of
the
PCB
problem
in
the
Great
Lakes
is
presented
in
Appendix
A.
In
order
to
assess
of
the
extent
of
atmospheric
deposition
of
contaminants
to
the
Great
Lakes,
the
Science
Advisory
Board
funded
two
studies
which
are
summarized
below.
Detailed
information
on
airborne
organic
contaminants
in
the
Great
Lakes
basin
is
included
in
Appendix
A
—
"Assessment
of
Airborne
Organic
Contaminants
in
the
Great
Lakes
Ecosystem"
by
S.J.
Eisenreich,
B.B.
Looney
and
J.D.
Thornton.
Inorganic
contaminants
are
described
in
Appendix
B
-
"Assessment
of
Inorganic
Contaminants
in
the
Great
Lakes"
by
H.E.
Allen
and
M.A.
Halley.
These
data
are
used
to
provide
an
estimate
of
the
atmospheric
inputs
of
hazardous
substances.
Organic Substances
The estimate of atmospheric deposition of trace organic substances is
hampered by: 1) an inadequate data base on their atmospheric concentrations;
2) inadequate knowledge about the distribution between vapour and particulate
forms in the atmosphere; 3) a lack of understanding of the dry deposition
process on a water surface; 4) inadequate micro— and macro- meteorological
information over the lakes during dry and wet deposition; 5) a lack of
appreciation for the episodic nature of atmospheric deposition of trace
organic materials on water; and 6) an inadequate understanding of the temporal
and spatial variations in atmospheric concentrations and deposition. It is
possible, however, to use approximations of wet and dry deposition to estimate
total deposition.
The range of concentrations of trace organic substances found in air and
precipitation is reported in Appendix A. For each substance, one value was
chosen as the best present estimate of median concentration for atmospheric
deposition to the Great Lakes. Wet fluxes of airborne trace substances were
also calculated for the Great Lakes basin, assuming a fixed concentration for
each substance and an annual precipitation of 80 cm/yr.
The critical parameter in estimating dry deposition is the deposition
velocity. In general, submicron particles exhibit deposition velocities of
0.1 to 0.6 cm/sec, therefore, a value of 0.3 cm/sec was selected for these
calculations. The estimated dry fluxes were multiplied by the surface area of
each lake to give total dry deposition, which is summed with wet deposition to
give the estimates of total deposition shown in Table 3. These estimates are
based on the small data base available, and are probably accurate to within a
factor of 2 to 10.
The available data suggest that dry deposition of trace organic substances
 
is significantly greater than their wet deposition. Table 3 also suggests
that total deposition to each lake is proportional to that lake's surface
area. The upper Lakes Superior, Huron, and Michigan consequently receive more
deposition. The magnitude of the atmospheric loadings of compounds such as
23
i
l
 
 TOTAL DEPOSITION OF AIRBORNE TRACE ORGANIC SUBSTANCES
TABLE 3
TO THE GREAT LAKES
(metric tons per year)
  
SUBSTANCE LAKE
Superior Michigan Huron Erie Ontario
TOTAL PCB 9.8 6.9 7.2 3.1 2.3
TOTAL DDT .58 .40 .43 .19 .14
a-BHC 3.3 2.3 2.4 1.1 .77
y-BHC 15.9 11.2 11.6 5.0 3.7
DIELDRIN .54 .38 .55 .17 .13
HCB 1.7 1.2 1.2 .53 .39
p,p'-METHOXYCHLOR 8.3 5.9 6.1 .6 1.
a-ENDOSULFAN 7.9 5.6 5.8 .5 1.
B-ENDOSULFAN 8.0 5.6 5.8 .5 1.
TOTAL PAH
163
114
118
51
38
ANTHRACENE
4.8
3.4
3.5
1.5
1.1
PHENANTHRENE 4.8 3.4 3.5 1.5 1.1
PYRENE
8.3
5.9
6.1
2.6
1.9
BENZO(a)ANTHRACENE
4.1
2.9
3.0
1.5
1.1
PERYLENE
4.8
3.3
3.4
1.5
1.1
BENZO(a)PYRENE 7.9 5.6 5.8 2.5 1.8
DBP
16
11
12
5.0
3.7
DEHP 16 11 12 5.0 3.7
TOTAL ORGANIC
CARBON
2x105
1.4x105
1.5x10S
6.6x10“
4.6x10“
Source: Appendix A - "Assessment of Organic Airborne Organic Contaminants in the
Great Lakes Ecosystem" - S.J. Eisenreich, B.B. Looney, and J.D. Thornton.
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PCBs and DDT which are no longer being used is cause for concern and supports
the need for increased monitoring. For example, it is estimated that only
about 30% of the approximately 585,000 metric tons of PCBs produced or
imported in North America between 1930 and 1975 have been destroyed or
released to the environment (Appendix A). The remaining 60% is still in use
or storage and will eventually require effective disposal or it will be
released to the environment.
Inorganic Substances
 
Although the estimates of atmospheric deposition of some inorganic
substances fall into rather narrow bands, the range for others is broad,
extending over one order of magnitude (Appendix B). In particular, reported
values for atmospheric loading of cadmium, calcium, copper, iron, and sulfate
appear to be inconsistent. The lack of better agreement among the values may
have several causes. Iron and calcium may be soil-derived. Thus, variation
in their loading may be seasonal and related to soil characteristics and land
use practice. Variation in sulfate loading is a consequence of long range
transport patterns associated with acid deposition.
Table 4 provides preliminary loading estimates for the major trace metals
as derived from the literature. Estimates of loadings of nutrients and some
other major elements are also provided in Appendix B. Unlike the organic
materials, the nutrient and major element loadings are generally elevated in
the lower lakes as compared to the upper lakes, suggesting that location might
be more important than surface area, or that nutrients and major elements are
less volatile or ubiquitous than the trace organic substances. Tracemetals
data, on the other hand, do not display any geographical distribution on a
lake by lake basis. This lack of obvious gradients may be due to sampling and
analytical differences.
In view of the limited urban and industrial development in the upper lakes
basin, the atmospheric inputs of toxic metals such as zinc and lead, noted in
Table 4, are likely the most significant source of these contaminants to those
basins.
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TABLE 4
TOTAL
D
E
P
O
S
I
T
I
O
N
OF
A
I
R
B
O
R
N
E
T
R
A
C
E
M
E
T
A
L
S
TO
THE
G
R
E
A
T
LAKES
(
m
e
t
r
i
c
t
o
n
s
p
e
r
y
e
a
r
)
 
METAL
LAKE
Superior
M
i
c
h
i
g
a
n
Huron
Erie
O
n
t
a
r
i
o
Zn
8
,
2
1
0
#
#
#
948
Pb
1,230
1,730
596
754
379
Cu
821
575
298
151
95
Cd
82
58
60
75
28
Ni
328
575
89
75
76
Fe
8,210
#
4,770
3,270
1,520
Al
1
4
,
0
0
0
2
8
,
8
0
0
#
#
#
Mn
1,640
1,150
#
#
#
 
#
Estimate
not
possible
from
available
data.
Source:
A
p
p
e
n
d
i
x
B
—
"Assessment
of
A
i
r
b
o
r
n
e
Inorganic
C
o
n
t
a
m
i
n
a
n
t
s
in
the
Great
Lakes"
-
H.E.
Allen
and
M.A.
Halley.
INDUSTRIAL SOURCES
I
n
d
u
s
t
r
i
e
s
p
r
o
d
u
c
i
n
g
o
r
u
s
i
n
g
h
a
z
a
r
d
o
u
s
s
u
b
s
t
a
n
c
e
s
a
r
e
l
i
k
e
l
y
t
o
d
i
s
c
h
a
r
g
e
some
of
these
substances
in
their
wastewater
effluents.
In
addition,
small
q
u
a
n
t
i
t
i
e
s
o
f
s
u
b
s
t
a
n
c
e
s
m
a
y
b
e
d
i
s
c
h
a
r
g
e
d
f
r
o
m
m
a
n
y
d
i
f
f
e
r
e
n
t
i
n
d
u
s
t
r
i
e
s
.
The
problem
of
assessing
the
relative
importance
of
the
various
possible
i
n
d
u
s
t
r
i
a
l
s
o
u
r
c
e
s
i
s
e
n
o
r
m
o
u
s
.
I
n
a
J
u
n
e
1
9
7
6
s
e
t
t
l
e
m
e
n
t
o
f
a
l
a
w
s
u
i
t
w
i
t
h
t
h
e
N
a
t
u
r
a
l
R
e
s
o
u
r
c
e
s
D
e
f
e
n
s
e
Council
(NRDC),
the
U.S.
Environmental
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
agreed
to
devote
m
o
r
e
a
t
t
e
n
t
i
o
n
t
o
p
o
t
e
n
t
i
a
l
l
y
t
o
x
i
c
s
u
b
s
t
a
n
c
e
s
in
i
n
d
u
s
t
r
i
a
l
w
a
s
t
e
w
a
t
e
r
.
T
h
e
resulting
NRDC
Consent
Decree
r
e
q
ui
r
e
d
EPA
to
p
r
o
m
ul
g
a
t
e
r
e
g
ul
a
t
i
o
n
s
for
the
c
o
n
t
r
o
l
o
f
6
5
c
l
a
s
s
e
s
o
f
t
o
x
i
c
p
o
l
l
u
t
a
n
t
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
3
4
d
i
f
f
e
r
e
n
t
industrial
categories.
The
65
classes
of
p
o
l
l
ut
a
n
t
s
include
129
specific
26
substances referred to as "consent decree priority pollutants" or simply
"priority pollutants".
In order to develop regulations to control these toxic substances and set
effluent limits under the National Pollutant Discharge Elimination System
(NPDES), the U.S. EPA's Effluent Guidelines Division undertook a comprehensive
program to accumulate and summarize data on the occurrence of priority
pollutants in industrial waste discharges. The voluminous and diverse
occurrence and treatability data have been assembled into a comprehensive
Treatability Manual(12) by EPA's Office of Research and Development. The
manual is to be used in developing NPDES permit limitations for facilities
which, at the time of permit issuance, were not covered by industry-specific
effluent guidelines authorized under theClean Water Act.
Initial screening surveys have been completed for 21 classes of
industries. The quality of these data varies. The initial screening data
gathered prior to August 1979 is not supported by quality assurance. The
verification data (post August 1979) is supported by quality control, such as
that described by Kleopfer gt_al.(l4). As a result, the overall quality of
the data base has not been fully defined and is not uniform. Since the data I
were developed by standard inorganic and gas chromatography/mass spectroscopy f
procedures(15), the identification of the specific chemicals should be E
reasonably definitive, but the quantitative data are uncertain.
In Canada, the Environmental Protection Service of the Department of the
Environment is preparing dossiers on a variety of industries producing or
using hazardous substances. Concurrently, field studies by both the Ontario
Ministry of the Environment and the Federal Department of the Environment are
n
-
e
-
.
,
-
.
—
A
g
i
.
.
—
w
m
ﬁ
A
-
l
<
I
.
.
in progress. Hazardous substances source identification is the major
objective of these studies being conducted at chemical and petrochemical
plants in Cornwall, Sarnia, and Elmira and Algoma Steel in Sault Ste. Marie,
Ontario.
Generalized data on the occurrence of various hazardous substances in the
industrial waste effluents and a knowledge of the amount of wastewater
discharged by specific industrial groups in the Great Lakes basin will permit
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an
est
ima
te
to
be
mad
e o
f t
he
pot
ent
ial
loa
din
gs
fro
m t
hes
e s
our
ces
.
The
Wa
te
r
Qu
al
it
y
Bo
ar
d'
s
in
ve
nt
or
y
of
in
du
st
ri
al
po
in
t
so
ur
ce
di
sc
ha
rg
es
(l
3)
pro
vid
es
an
est
ima
te
of
the
flo
w;
the
dat
a
bei
ng
gen
era
ted
for
the
Tre
ata
bil
ity
Man
ual
(12
)
pro
vid
es
a p
rel
imi
nar
y e
sti
mat
e o
f t
he
con
cen
tra
tio
ns
of
var
iou
s h
aza
rdo
us
sub
sta
nce
s
whi
chm
ay
be
pre
sen
t i
n t
hes
e e
ffl
uen
ts.
As
typ
ica
l e
xam
ple
s,
est
ima
ted
cad
miu
m a
nd
ben
zo(
a)a
nth
rac
ene
loa
din
gs
to
the
lak
es
are
pre
sen
ted
in
Tab
les
5 a
nd
6,
bas
ed
on
the
occ
urr
enc
e d
ata
and
the
was
tew
ate
r
flo
ws
fro
m
eac
h
ind
ust
ry
cat
ego
ry
dis
cha
rgi
ng
in
eac
h
lak
e
bas
in.
It
sho
uld
be
not
ed
tha
t t
hes
e p
rel
imi
nar
y e
sti
mat
es
do
not
inc
lud
e
dat
a
for
a p
oss
ibl
y
sig
nif
ica
nt
sou
rce
of
cad
miu
m
loa
din
gs,
the
ele
ctr
opl
ati
ng
ind
ust
ry.
Als
o,
the
wid
e v
ari
ati
on
in
the
ind
ust
ria
l
pla
nts
wit
hin
an
ind
ust
ria
l
cla
ss
may
sig
nif
ica
ntl
y
alt
er
the
loa
din
gs
for
the
spe
cif
ic
wat
er
bas
in.
Thi
s t
ype
of
inf
orm
ati
on
pro
vid
es
an
est
ima
te
of
the
pos
sib
le
mag
nit
ude
of
the
loa
ds
and
pro
vid
es
dir
ect
ion
for
mon
ito
rin
g
pro
gra
ms.
For
exa
mpl
e,
the
pot
ent
ial
ly
sig
nif
ica
nt
inp
ut
of
cad
miu
m a
nd
ben
zo(
a)a
nth
rac
ene
to
Lak
e M
ich
iga
n f
rom
the
iro
n a
nd
ste
el
ind
ust
ry,
war
ran
ts
fur
the
r
inv
est
iga
tio
n.
Sam
ple
inf
orm
ati
on
on
pri
ori
ty
pol
lut
ant
dat
a a
nd
its
use
in
est
ima
tin
g
ind
ust
ria
l
loa
din
gs
in
the
Gre
at
Lak
es
is
inc
lud
ed
in
App
end
ix
D.
MUNICIPAL SOURCES
Ano
the
r p
oss
ibl
e
pat
hwa
y f
or
haz
ard
ous
sub
sta
nce
s
to
gai
n
acc
ess
to
the
la
ke
s
is
vi
a
mu
ni
ci
pa
l
wa
st
ew
at
er
di
sc
ha
rg
es
.
Th
e
pr
ob
le
m
of
tr
yi
ng
to
mon
ito
r
all
mun
ici
pal
was
tew
ate
r
dis
cha
rge
s
for
the
lar
ge
num
ber
of
po
te
nt
ia
ll
y
ha
za
rd
ou
s
su
bs
ta
nc
es
wh
ic
h
ma
y
be
pr
es
en
t
is
ob
vi
ou
s.
The
gen
era
l
occ
urr
enc
e o
f h
aza
rdo
us
sub
sta
nce
s i
n m
uni
cip
al
was
tew
ate
r
tr
ea
tm
en
t
pl
an
t
di
sc
ha
rg
es
is
be
in
g
de
ve
lo
pe
d
in
ma
jo
r
su
rv
ey
s
in
bo
th
th
e
Uni
ted
Sta
tes
and
in
Can
ada
.
The
U.S
.
EPA
's
Off
ice
of
Wat
er
Pla
nni
ng
and
Sta
nda
rds
is
sur
vey
ing
40
U.S
.
cit
ies
for
haz
ard
ous
sub
sta
nce
s
in
pla
nt
inf
lue
nts
,
eff
lue
nts
and
slu
dge
dis
cha
rge
s
usi
ng
bas
ic
EPA
ana
lyt
ica
l
met
hod
s(1
5)(
16)
.
The
EPA
's
Mun
ici
pal
Env
iro
nme
nta
l
Res
ear
ch
Lab
ora
tor
y
is
sur
vey
ing
25
cit
ies
usi
ng
the
mor
e
ext
ens
ive
met
hod
olo
gy
of
DeW
all
e
and
Chi
an(
17)
.
A
sec
ond
stu
dy
by
the
Off
ice
of
Wat
er
Pla
nni
ng
and
Sta
nda
rds
is
als
o
und
erw
ay
on
six
cit
ies
to
det
erm
ine
the
sou
rce
s
(in
dus
tri
al,
com
mer
cia
l,
and
do
me
st
ic
)
of
th
e
ha
za
rd
ou
s
su
bs
ta
nc
e;
en
te
ri
ng
th
e
mu
ni
ci
pa
l
sy
st
em
an
d
2
 TABLE
5
PRELIMINARY ESTIMATES OF LOADINGS 0F CADMIUM TO THE GREAT LAKES FROM TREATED INDUSTRIAL NASTENATERS
  
INDUSTRY
a
TREATED NASTEWATER
Concentration (u /L)
Lake Loadin L (t/yr)
 
Minimum Maximum Mean Superior Michigan ’Huron Erie Ontario
Coal mining
2
4
2
0
0
0
0
0
Textile mills
NAb
13 6d
0
0
0.003 0.006 0.002
Timber products processing BDLb 7 1d 0 0 0 0 0
Petroleum refining <1 20 <2d 0.002 0.4 0.09 0.5 0.3
Paint and ink formulation
BDL
200
24
0
0
0
0
0
Gum and wood chemicals
NA
NA
NA
0
gRubber processing
NA
1,500
760
Auto and other laundries
<1.0
31
11
Porcelain enameling
NDb
2,000 550
Pharmaceutical manufacturing
ND
ND
ND
ND
ND
ND
ND
N
Ore mining and dressing
0.002 16 <0.03
0.001
0.0006 0
0
0
Foundries
10 840 120 0 0.4 8.2 7.9 0.4
Iron.and steel manufacturing NA
770 270
5.8
860
72 520
210
Nonferrous metals manufacturing ND 3,000 780
2.3
0
35
6.7
0.3
0
0
0
0
0
C
O
0
1
H
0
0
0
0
C
)
9
-
!
G
O
O
D
             
        
aInformation on concentration was obtained from Volume I of the U.S. EPA "Treatability Manual"(12): Data are incOmplete
bNA — not available; ND - not detected; BDL - below detection limit.
CLake loadings determined by multiplying mean pollutant concentration by industry wastewater discharges as
reported in the "Inventory of Major Municipal and Industrial Point Source Dischargers in the Great Lakes Basin"(13)
dMedian, not average.
_ Wv~..,1r~wsm~ ntrmiwﬁzm-‘JENU .aYc —
 TABLE
6
PRELIMINARY ESTIMATES OF LOADINGS 0F BENZO(a)ANTHRACENE TO THE GREAT’LAKES FROM TREATED INDUSTRIAL WASTEWATERS
INDUSTRY
TREATED WASTEWATER
 
Concentrationa
(pg/L)
Lake
Loadingc
(t/ r)
Minimum
Maximum
Mean
Superior
Michigan
Huron
Erie
Ontario
Coal mining
pr
<3.3
<0.2d
o
0
o
o
o
Timber products processing
BDLb
3,400
9e
0
0
0
0
0
Auto and other laundries
NAb
ND
ND
0
o
o
o
o
Foundries
<20
7,300
1,200
0
4.0
82
79
4.4
Iron and steel manufacturing
NA
470,000
34
0.7
108
9.0
65 '
27
Nonferrous
metals manufacturing
ND
6.0
0.7
0.002
0
0.03
0.006
0.0002
3
0
       
aInformation on concentration was obtained from Volume I of the U.S. EPA "Treatability Manual"(12).
bNA - not available; ND - not detected; BDL - below detection limit.
CLake loadings determined by multiplying mean pollutant concentration by industry wastewater discharges
as reported in "Inventory of Major Municipal
and Industrial
Point Source Discharges
in the Great Lakes Basin"(l3)
where mean
is not available,
one-half the reported maximum was utilized.
dAnalytical
method did not distinguish between benzo(a)anthracene
and chrysene.
eMedian, not average.
 
thei
r fa
tes
in t
he m
unic
ipal
trea
tmen
t pl
ant.
Thes
e su
rvey
s i
nclu
de q
uali
ty
con
tro
l
for
est
ima
tio
n
of
the
pre
cis
ion
and
acc
ura
cy
of
the
dat
a.
In
addi
tion
, th
e EP
A is
cond
ucti
ng r
esea
rch
on t
he o
ccur
renc
e an
d re
mova
l o
f
haz
ard
ous
sub
sta
nce
s i
n t
ypi
cal
mun
ici
pal
was
te
tre
atm
ent
sys
tem
s.
The
Ont
ari
o M
ini
str
y o
f t
he
Env
iro
nme
nt
has
jus
t c
omp
let
ed
a s
urv
ey
of
lo
-mu
nic
ipa
l p
lan
ts
in
an
att
emp
t t
o i
den
tif
y a
nd
qua
nti
fy
haz
ard
ous
sub
sta
nce
s
in
pla
nt
inf
lue
nts
and
eff
lue
nts
.
Env
iro
nme
nt
Can
ada
's
Env
iro
nme
nta
l
Pro
tec
tio
n S
erv
ice
is
con
duc
tin
g a
sim
ila
r s
cre
eni
ng
stu
dy
on
a l
imi
ted
num
ber
of
dif
fer
ent
typ
es
of
was
te
tre
atm
ent
pla
nts
acr
oss
Can
ada
.
Pre
lim
ina
ry
inf
orm
ati
on
on
haz
ard
ous
sub
sta
nce
s o
ccu
rre
nce
fro
m t
he
25
cit
ies
sur
vey
ed
in
the
U.S.
are
inc
lud
ed
in
App
end
ix
D f
or
the
Ren
ton
Nas
tew
ate
r T
rea
tme
nt
Pla
nt
in
Sea
ttl
e,
Was
hin
gto
n,
the
Oak
lan
d P
lan
t i
n
Cal
ifo
rni
a,
and
the
Cla
yto
n P
lan
t i
n A
tla
nta
, G
eor
gia
.
The
ana
lys
es
of
was
tew
ate
rs
fro
m t
hes
e t
hre
e p
lan
ts
fou
nd
87
pri
ori
ty
pol
lut
ant
s o
f t
he
127
on
the
lis
t;
asb
est
os
and
dio
xin
wer
e n
ot
ana
lyz
ed.
Th
er
e
is
a w
id
e
va
ri
at
io
n
am
on
g
pl
an
ts
fo
r
bo
th
co
mp
ou
nd
s
id
en
ti
fi
ed
an
d
con
cen
tra
tio
ns
fou
nd.
Sim
ila
rly
,
rem
ova
ls
for
spe
cif
ic
com
pou
nds
var
ied
fro
m
zer
o t
o a
lmo
st
100
%.
Des
pit
e t
hes
e v
ari
ati
ons
,
som
e o
bse
rva
tio
ns
can
be
mad
e.
0f
the
87
com
pou
nds
fou
nd,
24
org
ani
c s
ubs
tan
ces
and
13
met
als
wer
e
fou
nd
in
all
the
pla
nts
.
Chl
ori
nat
ion
for
dis
inf
ect
ion
gen
era
lly
inc
rea
sed
the
con
cen
tra
tio
n o
f c
ert
ain
com
pou
nds
.
Mos
t c
omp
oun
ds
wer
e d
ete
cte
d a
t
inc
rea
sed
con
cen
tra
tio
ns
in
the
slu
dge
;
the
pht
hal
ate
est
ers
and
the
po
ly
nu
cl
ea
r
co
mp
ou
nd
s
te
nd
ed
to
ac
cu
mu
la
te
in
th
e
sl
ud
ge
to
mu
ch
gr
ea
te
r
concentrations than other compounds.
Th
e
or
de
r
of
ma
gn
it
ud
e
of
so
me
of
th
e
po
ll
ut
an
ts
de
te
ct
ed
'i
n
wa
st
ew
at
er
tr
ea
tm
en
t
pl
an
t
ef
fl
ue
nt
s
are
sh
ow
n
in
Ta
bl
e
7.
Tr
en
ds
wil
l
be
co
me
mo
re
ap
pa
re
nt
as
th
e
da
ta
fr
om
th
e
re
ma
in
in
g
pl
an
ts
be
co
me
av
ai
la
bl
e.
Ta
bl
e
8
pr
es
en
ts
th
e
re
la
ti
ve
an
nu
al
lo
ad
in
gs
to
th
e
la
ke
s
fr
om
mu
ni
ci
pa
l
po
in
t
so
ur
ce
s
wh
ic
h
wo
ul
dr
es
ul
t
fr
om
po
ll
ut
an
ts
oc
cu
rr
in
g
in
th
e
wa
st
ew
at
er
di
sc
ha
rg
es
at
th
e
va
ri
ou
s
co
nc
en
tr
at
io
ns
sh
ow
n.
Th
es
e
da
ta
an
d
th
ei
r
us
e
in
es
ti
ma
ti
ng
lo
ad
in
gs
of
ha
za
rd
ou
s
su
bs
ta
nc
es
to
th
e
Gr
ea
t
La
ke
s
vi
a
mu
ni
ci
pa
l
wa
st
ew
at
er
ar
e
di
sc
us
se
d
in
mo
re
de
ta
il
in
Ap
pe
nd
ix
D.
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ORDER OF MAGNITUDE 0F POLLUTANT CONCENTRATIONS IN MUNICIPAL
WASTENATER TREATMENT PLANT EFFLUENTS (SECONDARY TREATMENT)
TABLE 7
COMPOUND CONCENTRATION (pg/L)
Trichioromethane 10
Pheno] 15
Phthaiates < 5
Pesticides 0.1
Cadmium 5
Lead 20
 
Adapted from:
"Presence of Priority Organics in Sewage and their Removai in
Sewage Treatment Piants."
F. Dewaile and E. Chian(17)
ANNUAL POLLUTANT LOADS FROM MUNICIPAL POINT SOURCES
FOR VARIOUS EFFLUENT CONCENTRATIONS
TABLE 8
(metric tons per year)
LAKE BASIN POLLUTANT CONCENTRATIONS (HQ/L)
0.1 1 5 10 ’15 20
Superior 0.009 0.09 0.4 0.9 1.3 1.8
Michigan 0.1 1.1 5.7 11.4 17.2 22.9
Huron 0.03 0.3 1.3 2.7 4.0 5.3
Erie 0.3 2.5 12.7 25.4 38.0 50.7
Ontario 0.2 1.6 8.1 16.3 24.4 32.5
      
Based on flow from municipai discharges as reported in "Inventory of Major
Municipai and Industria] Point Source Discharges in the Great Lakes Basin"
(13).
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 URBAN AND RURAL RUNOFF
 
The U.S. EPA is assessing the occurrence of hazardous substances in urban
runo
ff t
hrou
gh i
ts M
unic
ipal
Envi
ronm
enta
l R
esea
rch
Labo
rato
ry a
nd i
ts
National Urban Runoff Program in the Office of Water Program Operations. The
data
curr
entl
y av
aila
ble
are
chie
fly
for
toxi
c me
tals
.
It i
s no
t ad
equa
te t
o
allow a comparison of the metals in combined sewer overflows and urban runoff
with those in municipal wastewater treatment plant effluents. The Canada
Cent
re f
or I
nlan
d Wa
ters
also
has
on-g
oing
moni
tori
ng p
rogr
ams
in u
rban
catchments in Cornwall and Burlington, Ontario to identify hazardous
subs
tanc
es
in u
rban
runo
ff.
Thes
e da
ta a
re b
eing
deve
lope
d to
prov
ide
a ba
sis
for
ext
rap
ola
tin
g l
ake
loa
din
gs
and
eva
lua
tin
g t
he
eff
ect
ive
nes
s o
f c
ont
rol
prog
rams
.
Comp
leti
on o
f th
e pl
anne
d st
udie
s sh
ould
prov
ide
the
requ
ired
perspective on hazardous substances in urban runoff.
The
fin
al
rep
ort
(18
) a
nd m
any
tec
hni
cal
rep
ort
s(1
9)
of
the
Pol
lut
ion
fro
m
Lan
d U
se
Act
ivi
tie
s R
efe
ren
ce
Gro
up
stu
dy
hav
e c
ove
red
urb
an
and
rur
al
non
poi
nt
sou
rce
run
off
loa
din
gs.
The
Boa
rd
not
es
tha
t m
ost
of
the
ava
ila
ble
dat
a
are
for
som
e
pes
tic
ide
s
and
fer
til
ize
r
con
sti
tue
nts
.
The
re
are
ins
uff
ici
ent
dat
a t
o p
erm
it
any
rea
son
abl
e a
sse
ssm
ent
of
the
con
tri
but
ion
of
oth
er
haz
ard
ous
org
ani
c s
ubs
tan
ces
and
met
als
fro
m a
gri
cul
tur
al,
silv
icul
tura
l,
and
othe
r la
nd r
unof
f.
The
abse
nce
of t
hese
data
shou
ld b
e a
stimulus for action.
OTHER SOURCES
The
Com
mis
sio
n i
s f
ami
lia
r w
ith
the
ext
ens
ive
eff
ort
s a
nd
res
our
ces
tha
t
hav
e b
een
dev
ote
d t
o r
emo
vin
g p
oll
uta
nts
,
inc
lud
ing
haz
ard
ous
sub
sta
nce
s,
by
mea
ns
of
was
tew
ate
r t
rea
tme
nt
pla
nts
.
The
Boa
rd
dra
ws
att
ent
ion
to
the
fac
t
tha
t m
ost
tre
atm
ent
tec
hno
log
y r
emo
ves
but
doe
s n
ot
con
ver
t s
uch
che
mic
als
to
the
ele
men
tal
for
ms
or
com
mon
nat
ura
l c
omp
oun
ds.
For
tho
se
che
mic
als
tha
t a
re
per
sis
ten
t,
rem
ova
l
mea
ns
con
cen
tra
tin
g
and
dis
pos
ing
of
the
m
els
ewh
ere
.
The
dis
pos
al
sit
e
is
oft
en
a s
oli
d
was
te
dis
pos
al
are
a w
her
e
che
mic
als
are
by
no
mea
ns
exc
lud
ed
fro
m
lea
chi
ng
int
o
the
lak
es
or
cau
sin
g
inj
ury
to
man
and
oth
er
ter
res
tri
al
org
ani
sms
.
The
Boa
rd
has
not
bee
n
abl
e t
o
ass
ess
the
sig
nif
ica
nce
of
su
ch
lo
ad
in
gs
to
th
e
lak
es.
Th
e
da
ta
are
no
t
av
ai
la
bl
e.
Th
e
im
po
rt
an
ce
of
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ch
em
ic
al
lo
ad
in
gs
to
th
e
Gr
ea
t
La
ke
s
fr
om
so
li
d
wa
st
e
di
sp
os
al
si
te
s
ur
ge
nt
ly
needs to be determined.
Mo
re
im
po
rt
an
tl
y,
ch
em
ic
al
s
le
ac
hi
ng
fr
om
ab
an
do
ne
d
in
du
st
ri
al
ha
za
rd
ou
s
wa
st
e
di
sp
os
al
si
te
s
su
ch
as
Lo
ve
Ca
na
l
ca
n
re
su
lt
in
ve
ry
hi
gh
co
nc
en
tr
at
io
ns
of
ha
za
rd
ou
s
su
bs
ta
nc
es
in
th
e
aq
ue
ou
s
en
vi
ro
nm
en
t.
Th
e
ex
te
nt
to
wh
ic
h
su
ch
po
ll
ut
an
ts
ma
y
be
tr
an
sm
it
te
d
to
th
e
la
ke
s
by
gr
ou
nd
wa
te
r
ne
ed
s
to
be
determined.
Fi
na
ll
y,
sp
il
ls
wh
ic
h
oc
cu
rd
ur
in
g
th
e
tr
an
sp
or
ta
ti
on
and
ha
nd
li
ng
of
ha
za
rd
ou
s
su
bs
ta
nc
es
ar
e
ye
t
so
ur
ce
s
wh
ic
h
ma
y
be
co
nt
ri
bu
ti
ng
un
kn
ow
n
qu
an
ti
ti
es
of
ma
ny
su
bs
ta
nc
es
to
th
e
ec
os
ys
te
m.
Th
e
Bo
ar
d
is
aw
ar
e
th
at
th
e
Co
mm
is
si
on
ha
s
ta
ke
n
ac
ti
on
in
re
ga
rd
to
th
is
pr
ob
le
m.
Ad
di
ti
on
al
ac
ti
on
is
re
co
mm
en
de
d
to
be
tt
er
as
se
ss
th
e
si
gn
if
ic
an
ce
of
th
es
e
so
ur
ce
s.
RELATIVE IMPORTANCE OF VARIOUS SOURCES
The
re
are
sev
era
l
obs
tac
les
to
an
ade
qua
te
ass
ess
men
t o
f t
he
rel
ati
ve
im
po
rt
an
ce
of
th
e
va
ri
ou
s
pa
th
wa
ys
fo
r
ha
za
rd
ou
s
su
bs
ta
nc
es
en
te
ri
ng
th
e
Gr
ea
t
Lak
es:
atm
osp
her
ic,
tri
but
ari
es,
and
ind
ust
ria
l
and
mun
ici
pal
poi
nt
sou
rce
dis
cha
rge
s.
Whi
ch
of
the
man
y t
hou
san
ds
of
che
mic
als
pro
duc
ed
or
use
d i
n t
he
basi
n sh
ould
be c
onsi
dere
d?
Whic
h so
urce
emis
sion
s ar
e mo
st
sign
ific
ant?
Whi
ch
sho
uld
be
giv
en
pri
ori
ty
sta
tus
?
Are
the
re
ade
qua
te
con
cen
tra
tio
n d
ata
for
the
var
iou
s s
our
ces
in
the
bas
in
upo
n w
hic
h a
n a
sse
ssm
ent
can
be
mad
e?
Pre
lim
ina
ry
est
ima
tes
of
inp
uts
of
cad
miu
m a
nd
ben
zo(
a)a
nth
rac
ene
int
o t
he
Grea
t La
kes
from
atmo
sphe
ric
sour
ces
and
muni
cipa
l a
nd i
ndus
tria
l p
oint
dis
cha
rge
rs
are
sum
mar
ize
d i
n T
abl
es
9 a
nd
10.
Oth
er
pot
ent
ial
sou
rce
s o
f
load
ings
not
show
n i
nclu
de t
ribu
tari
es a
nd s
hore
line
eros
ion.
Alth
ough
the
atmo
sphe
ric
load
ings
are
a ma
jor
sour
ce,
more
fact
ors
need
to b
e co
nsid
ered
befo
re a
defi
nite
eval
uati
on
can
be m
ade
of t
he r
elat
ive
sign
ific
ance
of t
he
var
iou
s i
npu
ts.
Muc
h o
f t
he
inp
ut
fro
m p
oin
t s
our
ces
, t
rib
uta
rie
s,
and
ero
sio
n c
ons
ist
s o
f l
arg
er
par
tic
les
or
pol
lut
ant
s s
orb
ed
ont
o p
art
icl
es.
Onc
e i
n t
he
lake
, s
edi
men
tat
ion
of
the
lar
ger
siz
ed
par
tic
les
occ
urs
rap
idl
y.
Atm
osp
her
ic
dep
osi
tio
n c
ove
rs
the
ent
ire
lak
e s
urf
ace
, a
nd
the
fra
cti
on
of
mat
eri
al
in
sol
ubl
e f
orm
is
gre
ate
r a
nd
is
gen
era
lly
mor
e r
eac
tiv
e.
Thu
s,
34
less settling occurs and a greater proportion of the input is available to
harm a larger number of aquatic biota.
It should be emphasized that estimates of hazardous substances loadings
using general or national data bases and extrapolating to the Great Lakes
basin are at best only first approximations. They can indicate the need and
direction for specific monitoring to confirm loadings to provide a basis for
regulatory or control programs.
TABLE 9
PRELIMINARY ESTIMATES OF CADMIUM LOADINGS TO THE GREAT LAKES
(metric tons per year)
 
LAKE SOURCES
Atmospheric Municipal Industrial*
Superior 82 0.4 8.1
Michigan 58 5.7 870
Huron 60 1.3 115
Erie 75 12.7 725
Onta
rio
28
8.1
211
   
* Data are incomplete
TABLE 10
PRELIMINARY ESTIMATES OF BENZO(a)ANTHRACENE
LOADINGS TO THE GREAT LAKES
(metric tons per year)
LAKE SOURCES
“__
__
Atm
osp
her
ic
Mun
ici
pal
Ind
ust
ria
l
Sup
eri
or
4.1
ND
0.7
Mic
hig
an
2.9
ND
112
Hur
on
3.0
ND
91
Eri
e
1.3
ND
144
On
ta
ri
o
0.
94
ND
31
   
ND - Not Detected
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 VI Control Alternatives
Control alternatives can be grouped into five major options: wise use,
reuse, bans, treatment technology, and use of assimilative capacity. Too
frequently, regulatory approaches are limited to treatment technology, perhaps
because historically pollution abatement began with the successful development
and use of domestic sewage treatment plants. These were good solutions in
part because the pollutants in the water to be treated were largely degradable
and the end products were ordinary innocuous compounds. Treatment technology
applied to today's mix of complex chemicals, especially those that are not
readily degradable, is accompanied by a set of new problems.
WISE USE, REUSE, AND BANS
More can be done to reduce the amounts of potentially hazardous substances
disbursed throughout the ecosystem by the application of wise-use strategies.
Some of our problems, such as those of DDT and other persistent pesticides,
have been exacerbated by excessive use. In the early days of these
chlorinated hydrocarbon pesticides, applications to cropland were not
restricted to the minimum quantity necessary. As a result problems arose.
More emphasis on wise use will benefit society in many ways; from cost
reduction to resource saving and less environmental contamination. The
institutional/legal mechanisms for implementing wise-use practices are less
well understood and practiced than those for treatment requirements.
Attention should be given to mechanisms to reduce waste volume.
The
reus
e of
wast
e co
mpon
ents
or p
rodu
cts
of w
aste
trea
tmen
t al
so b
enef
its
society. Products will be reused when it is financially advantageous to do
so. Much remains to be done to increase the awareness of such advantages and
to hasten reuse. Industries, like agencies, are compartmentalized and may
lack the internal coordination necessary to take advantage of reuse options.
The Commission might perform a vital role by pointing out the benefits of
reuse. Certainly the energy saving alone would warrant such an effort.
37
 Bans that prohibit the utilization of certain chemicals have been used.
These bans are limited to those problems where substitutes are available,
where
use is not essential, or where society is willing to make the
sacrifice.
Bans
will
have
to
be reserved
for
a few
selected
problem
substances,
but
they
can
be effective
under
some
circumstances.
AIR POLLUTION CONTROL TECHNOLOGY
The
largest
anthropogenic
source
of emissions
of organic
substances
into
the
atmosphere
is the
discharge
from
the
fuel
used
in
the
transportation
industry
(Appendix
C).
This
includes
the
private
vehicles,
buses,
trucks,
trains,
and
aeroplanes.
Of
these,
only
the
light
duty
vehicles
are
subject
to
strict
regulations.
The
catalytic
converters
attack
the
more
reactive
types
of
hydrocarbons
and
there
is
some
evidence
that
they
also
lower
the
discharge
of the aromatic group of hydrocarbons.
The
second
largest
source
of
manmade
hydrocarbon
emissions
is
incineration.
Well-designed
incinerators
will
consume
virtually
all
of
the
organic materials;
however,
burning
dumps
and
grass,
brush,
and
forest
fires
can develop a significant local concentration of polycyclic (polynuclear)
aromatic hydrocarbons (PAHs). Since numerous fires in these categories are
started by man, some of them intentionally, the current educational programs
are especially important.
Many industrial processes and some paints use organic solvents as
carriers.
These solvents subsequently evaporate and are generally lost to the
atmosphere.
Process changes and/or materials changes offer diverse control
options for abating air pollution.
Such changes are generally specific for
each
use
or
process
and may
not
eliminate
the
need
for
emission
control
systems.
Other
principal
sources
of
manmade
hydrocarbon
emissions
include
petroleum
refining,
oil/gas
production
and
distribution,
industrial
processes,
waste
handling
and
treatment,
and
stationary
fuel
combustion,
especially
home
heating
with
coal
or wood.
Control
technology
for
the
large
sources
can
be
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co
n
v
e
n
i
e
n
t
l
y
d
i
v
i
d
e
d
i
n
t
o
t
h
r
e
e
s
e
g
m
e
n
t
s
f
o
r
c
o
n
t
r
o
l
o
f
:
p
a
r
t
i
c
u
l
a
t
e
s
(
s
o
l
i
d
o
r
d
r
o
p
l
e
t
)
,
d
u
c
t
e
d
v
a
p
o
u
r
s
,
a
n
d
f
u
g
i
t
i
v
e
e
m
i
s
s
i
o
n
s
.
T
h
e
m
a
j
o
r
s
o
u
r
c
e
s
o
f
f
u
g
i
t
i
v
e
h
y
d
r
o
c
a
r
b
o
n
e
m
i
s
s
i
o
n
s
a
r
e
h
a
n
d
l
i
n
g
a
n
d
b
r
e
a
t
h
i
n
g
l
o
s
s
e
s
f
r
o
m
s
t
o
r
a
g
e
v
e
s
s
e
l
s
.
S
t
o
r
a
g
e
a
n
d
b
r
e
a
t
h
i
n
g
l
o
s
s
e
s
a
r
e
i
n
c
r
e
a
s
i
n
g
l
y
c
o
n
t
a
i
n
e
d
b
y
t
h
e
u
s
e
o
f
f
l
o
a
t
i
n
g
r
o
o
f
s
t
o
r
a
g
e
t
a
n
k
s
,
w
h
i
c
h
e
l
i
m
i
n
a
t
e
t
h
e
d
i
s
p
l
a
c
e
m
e
n
t
o
f
v
a
p
o
u
r
-
s
a
t
u
r
a
t
e
d
a
i
r
f
r
o
m
a
b
o
v
e
t
h
e
v
o
l
a
t
i
l
e
liquid contents.
O
n
e
p
o
s
s
i
b
l
e
a
t
t
a
c
k
o
n
c
o
n
t
i
n
u
o
u
s
f
u
g
i
t
i
v
e
l
o
s
s
e
s
f
r
o
m
s
t
a
t
i
o
n
a
r
y
f
u
e
l
b
u
r
n
i
n
g
s
o
u
r
c
e
s
i
s
t
h
r
o
u
g
h
i
n
c
r
e
a
s
e
d
m
a
i
n
t
e
n
a
n
c
e
.
N
o
w
h
e
r
e
i
s
t
h
i
s
m
o
r
e
a
p
p
a
r
e
n
t
t
h
a
n
o
n
c
o
k
e
o
v
e
n
s
,
a
m
a
j
o
r
s
o
u
r
c
e
o
f
P
A
H
s
,
w
h
e
r
e
l
e
a
k
s
f
r
o
m
t
h
e
d
i
s
c
h
a
r
g
e
d
o
o
r
s
h
a
v
e
l
o
n
g
p
r
e
s
e
n
t
e
d
p
r
o
b
l
e
m
s
.
R
e
d
e
s
i
g
n
i
n
g
t
h
e
d
o
o
r
s
e
a
l
s
a
n
d
c
l
e
a
n
i
n
g
w
i
t
h
e
x
t
r
a
c
a
r
e
h
a
v
e
r
e
d
u
c
e
d
s
m
o
k
e
e
m
i
s
s
i
o
n
s
b
y
8
0
-
9
0
%
.
C
o
n
t
a
i
n
m
e
n
t
o
f
v
a
p
o
u
r
l
o
s
s
e
s
f
r
o
m
d
u
c
t
e
d
s
o
u
r
c
e
s
d
u
r
i
n
g
t
h
e
l
a
s
t
t
e
n
y
e
a
r
s
h
a
s
s
e
e
n
l
i
t
t
l
e
i
n
t
h
e
w
a
y
o
f
n
e
w
c
o
n
c
e
p
t
s
.
A
t
t
h
e
s
a
m
e
t
i
m
e
i
t
h
a
s
r
e
q
u
i
r
e
d
c
o
n
s
i
d
e
r
a
b
l
e
e
x
t
e
n
s
i
o
n
o
f
t
h
e
v
a
r
i
o
u
s
t
e
c
h
n
o
l
o
g
i
e
s
,
a
n
d
a
n
u
n
d
e
r
s
t
a
n
d
i
n
g
o
f
t
h
e
p
r
o
c
e
s
s
e
s
a
n
d
d
e
v
e
l
o
p
m
e
n
t
o
f
b
a
s
i
c
d
a
t
a
t
o
e
n
a
b
l
e
e
f
f
e
c
t
i
v
e
t
e
c
h
n
i
c
a
l
d
e
s
i
g
n
s
t
o
b
e
m
a
d
e
.
T
h
e
d
e
v
e
l
o
p
m
e
n
t
o
f
i
m
p
r
o
v
e
d
a
d
s
o
r
b
e
n
t
s
s
u
c
h
a
s
r
e
s
i
n
s
a
n
d
a
c
t
i
v
a
t
e
d
c
a
r
b
o
n
s
t
o
g
e
t
h
e
r
w
i
t
h
e
x
t
e
n
s
i
v
e
r
e
s
e
a
r
c
h
i
n
t
o
t
h
e
i
r
c
a
p
a
c
i
t
i
e
s
f
o
r
a
d
s
o
r
b
i
n
g
a
n
d
r
e
l
e
a
s
i
n
g
o
r
g
a
n
i
c
c
o
m
p
o
u
n
d
s
h
a
s
m
a
d
e
t
h
e
d
e
s
i
g
n
o
f
e
f
f
e
c
t
i
v
e
s
y
s
t
e
m
s
p
o
s
s
i
b
l
e
.
I
n
s
o
m
e
i
n
s
t
a
n
c
e
s
,
r
e
c
o
v
e
r
y
o
f
r
e
u
s
a
b
l
e
m
a
t
e
r
i
a
l
s
is
p
o
s
s
i
b
l
e
;
in
o
t
h
e
r
s
t
h
e
a
d
s
o
r
b
e
d
o
r
g
a
n
i
c
s
m
a
y
b
e
d
i
s
c
a
r
d
e
d
.
D
i
r
e
c
t
i
n
c
i
n
e
r
a
t
i
o
n
a
n
d
c
a
t
a
l
y
t
i
c
i
n
c
i
n
e
r
a
t
i
o
n
,
in
a
f
e
w
i
n
s
t
a
n
c
e
s
w
h
e
n
t
h
e
c
o
n
d
e
n
s
e
d
m
a
t
e
r
i
a
l
s
are
s
u
f
f
i
c
i
e
n
t
l
y
v
o
l
a
t
i
l
e
,
are
a
l
s
o
a
p
p
l
i
c
a
b
l
e
to
t
h
e
c
o
n
t
r
o
l
o
f
c
o
n
d
e
n
s
e
d
a
n
d
p
a
r
t
i
c
u
l
a
t
e
o
r
g
a
n
i
c
s
.
In
m
a
n
y
i
n
s
t
a
n
c
e
s
,
t
h
e
c
o
s
t
o
f
i
n
c
i
n
e
r
a
t
i
o
n
is
e
xc
e
s
s
i
ve
and
other
technologies
are
used
to
remove
these
m
a
t
e
r
i
a
l
s
.
E
l
e
c
t
r
o
s
t
a
t
i
c
p
r
e
c
i
p
i
t
a
t
o
r
s
,
b
a
g
h
o
u
s
e
s
,
and
s
c
r
u
b
b
e
r
s
h
a
v
e
all
been used.
T
h
e
p
r
i
n
c
i
p
l
e
of
c
h
a
r
g
i
n
g
p
a
r
t
i
c
l
e
s
and
m
i
s
t
s
to
e
n
h
a
n
c
e
s
c
r
u
b
b
e
r
capabilities
through
use
of
electrostatic
forces
is
in
the
developmental
stages.
In
other
instances,
the
wa
t
e
r
droplets
have
been
charged
and
the
organic
particulates
left
uncharged.
It
is
in
the
use
of
the
so
called
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 phoretic effects - electrophoresis, diffusiophoresis and thermophoresis - that
the development of scrubber technologies has the most promise.
The organic mists and particulates are mostly produced by the condensation
of vapours; therefore, they have small diameters, less than a micrometre. The
efficiency of scrubbers which historically have been dependent on impaction of
the particulate on surfaces or droplets of water, is generally low for
particles of less than a micrometre in diameter. The cost of collecting
particles of less than three micrometres also increases dramatically since
impaction efficiency is related to gas and liquid relative velocities and
hence to the energy input.
Since the major portion of industrial emissions are from petroleum
refining and processing and the combustion of fuels and industrial wastes, the
effects of process changes have not been great. These industries have always
sought to contain raw materials and products and to utilize raw materials.
Thus, the largest gains have been in the reduction of handling losses.
Fine particles have a greater surface to volume ratio than large
particles. This property enhances the tendency of volatiles to condense on
small particles in flue gases. Substances such as the PAHs which are produced
during fossil fuel combustion, have been shown to predominate in fine
particles in ambient air. Other potentially hazardous substances behave
similarly with respect to concentration on the surface of fine particles.
Organic matter adsorbed on or occluded within airborne particulate matter
will also be transported and transformed in an air mass. Larger particles are
removed by control equipment, rapidly settled from the atmosphere, and more
readily removed by the nasal hair and mucous membranes of the human protective
system. Furthermore, even when they do reach the lung, they are less inclined
to enter the airways and are more frequently expelled. Very fine particles
(those having a mean aerodynamic diameter less than one micrometre) carry a
greater proportion by weight of condensed organics.
They can stay suspended
in the atmosphere for many days, leading to a large potential exposure.
Particles of this size range can be inhaled into the small airways (alveoli)
40
 of
the
human
lungs,
where
they
may
cause
a
toxic
effect,
especially
if
adsorbed
toxic
materials
are
desorbed
into
the
lung.
These
particles
are
also
in
the
size
range
which
is
least
efficiently
collected
by
currently
available
control equipment.
The
chemistry
of
the
generation
of
organic
compounds
during
and
after
burning
has
been
unravelled
and
incinerators
can
be
designed
with
temperatures,
contact
times
and
available
oxygen
to
reduce
the
formation
of
by-products
and
prevent
the
passage
of
unburned
organic
substances.
Some
of
this
information
has
come
from
European
sources
and
is
therefore
based
on
a
different
raw
materials
mix
and
practice.
Only
time
and
trial
will
dictate
the
viability
of
these
solutions;
it
may
not
be
feasible
to
apply
all
of
them
to existing installations.
Incineration
of
sludges
and
industrial
wastes
must
be
carefully
evaluated
to ensure that pollutants are destroyed and not converted to atmospheric
contaminants.
Application
of
this
technology
is
suggested
as
one
of
the
more
desirable disposal methods for dealing with the large amounts of PCBs still
in
use
or
storage(20).
If
degradation
is not
practical,
then
adequately
designed
and
operated
disposal
sites
must
be
developed
if
long
term
loss
to
the
environment
is
to
be
prevented
and
future
problems
minimized.
The
Commission
is well
aware of public reaction against solid waste land disposal
sites and
should
press
for
degradation
rather
than
removal
as
a
prime
feature
of
future
waste treatment technology choices, especially for the hazardous wastes.
WASTENATER
TREATMENT
TECHNOLOGY
Most wastewater treatment technologies depend on either microbial
degradation or physical removal, often with chemical combination to enhance
removal.
Bacteria are remarkable organisms, capable of evolving to degrade
many chemical structures. Many industrial chemicals are not readily
metabolized by bacteria and therefore not well taken care of in biological
treatment. Recent examples are PCBs, dieldrin and DDT. An important
distinction is the differences between removal and treatment or degradation.
Substantial removal for such chemicals as DDT are achieved in biological
  
   
  
treatment, but this may be a result of sorbtion on the suspended solids. In
suc
h
cas
es,
the
che
mic
al
is
mer
ely
tra
nsf
err
ed
to
the
slu
dge
whe
re
it
may
create a disposal problem. In a similar fashion, many chemical treatments
rem
ove
, b
ut
do
not
deg
rad
e t
he
pol
lut
ant
s,
and
dis
pos
al
is
stil
l u
nre
sol
ved
.
Treatment technologies should be based on degradation rather than removal
unl
ess
the
pol
lut
ant
is
mor
e e
asi
ly
deg
rad
ed
in
slu
dge
tha
n i
n w
ast
ewa
ter
.
Pretreatment requirements can significantly reduce the concentration of
spe
cif
ic
pol
lut
ant
s
in
the
mun
ici
pal
was
tew
ate
r
and
slu
dge
s p
rod
uce
d a
t t
he
treatment plants. Industrial waste by-laws and pretreatment requirements have
bee
n d
esi
gne
d t
o c
ont
rol
hig
h s
tre
ngt
h c
onv
ent
ion
al
pol
lut
ant
s a
nd
hig
h
concentrations of hazardous substances to prevent treatment plant upsets.
This
appr
oach
need
s to
be e
xten
ded
to r
educ
e th
e di
scha
rges
of c
onta
mina
nts
which are not effectively removed by conventional municipal treatment systems.
As
des
cri
bed
in
App
end
ix
D,
a g
rea
t d
eal
of
res
ear
ch
is
bei
ng
dir
ect
ed
at
the fate of hazardous substances in conventional treatment systems and the
effi
cien
cy w
ith
whic
h th
ese
mate
rial
s ar
e re
move
d fr
om t
he w
aste
stre
am.
Preliminary data suggest that conventional processes effectively remove many
trace organic substances and heavy metals.
A demonstration project involving the wet oxidation process for the
destruction of complex hazardous substances at a chemical manufacturing plant
in Ontario has received approval. The objective is to evaluate the
effectiveness of the process as a pretreatment step to conventional treatment.
Pilot scale process development studies involving fixed film and suspended
growth systems for the treatment of coking plant effluents are in progress at
Environment Canada's Wastewater Technology Center in Burlington.
A wide range of treatment processes or systems is available for industrial
wastewater treatment. The ability to remove hazardous substances by means of
these systems have been extensively summarized in the Treatability
Manual(12). The more impOrtant treatment processes or systems in the manual
include: gravity oil separation, clarification/sedimentation,gas flotation,
filtration and ultra-filtration, activated sludge, trickling filters,
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activated carbon adsorption, stripping (air and steam), chemical oxidation,
reverse osmosis, disinfection (chlorination), and anaerobic treatment.
The
removability data available in the Treatability Manual
should provide a
satisfactory means for selecting treatment systems to control hazardous
substances discharges in specific industrial wastewaters.
If hazardous pollutants are concentrated in chemical or biological
sludges, disposal requires careful attention.
Special precautions in land
fills are required to prevent the escape into groundwater or surface water.
Atmospheric loss from such disposal sites may result in atmospheric transport
to the lakes. Other treatment technologies such as land application need to
prevent the entry of industrial chemicals into the ground or surface water.
More information on removal versus degradation is needed in such systems.
USE OF ASSIMILATIVE CAPACITY
 
The ability of water bodies such as the Great Lakes to dilute or degrade
wastes is referred to as their assimilative capacity. Since the late 1960's,
the use of assimilative capacity has been abhorred. This feeling developed
because the ability to accept waste had been so abused, that abstinence seemed
the only recourse. In practice, nearly all pollution abatement programs in
both countries recognize and permit less than 100% removal of pollutants.
Such permissiveness acknowledges the use of assimilative capaCity to dispose
of wastes not removed by treatment. \
Large lakes, such as the Great Lakes, develop concentrations of discharged
pollutants slowly and lose them slowly if the pollutants are persistent.
Uncertainties about the impact of various concentrations make it difficult to
select a safe concentration. Because of the lag time in larger systems and
the magnitude of impact if an error is made, the policy of not using
assimilative capacity has prevailed. The hazard is less if pollutants are not
persistent.
From the point of view of a larger ecosystem, the use of assimilative
capacity is sometimes wise. As treatment removal efficiency approaches 100%,
the resource consumption in the form of chemicals, concrete, steel and energy
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 increases dramatically. In some technologies, the amount of chemical residue
resulting from treatment exceeds the amount of pollutant being removed. What
is not often recognized is that the damage to the environment might only be
shifted from the Great Lakes in this case to another site - — where the coal
is mined, the chemicals are manufactured, or the sludge is dumped. When the
benefit to the lakes expected from the application of treatment technology is
less than the harm it may produce in other parts of the ecosystem, the
assimilative capacity with an appropriate safety factor, should be used.
Societal decisions must be made to protect one part of the ecosystem to the
detriment of another, or forfeit the_benefits of the waste generating
commodity, or seek an alternative means of production which are less harmful
to the environment.
There is no current framework for such ecosystem decision making, nor is
the need even recognized by many regulators. Bureaucratic compartment-
alization strongly impedes such decision making, and often the necessary
authority is not vested in the right place or does not exist at all. For the
public to understand the gamut of issues upon which decisions are based, would
require an awesome educational effort. The difficulty of reaching such
decisions does not negate the truth of the ecosystem approach nor the
consequences of a wrong decision!
SOCIETAL BASIS FOR CONTROL ALTERNATIVES
Both the 1978 Great Lakes Water Quality Agreement and the U.S. Toxic
Substances Control Act state that some substances are so dangerous to the
ecosystem that their production and use should be banned. Other substances
are to be managed from "cradle to grave" under programs such as the Resource
Conservation and Recovery Act (RCRA) in such a manner as to keep them out of
the air, water, and soil.A A management option for many hazardous substances
is to reduce the amount or the variety produced. Process changes or other
options for the reduction of volume at the production source have been used in
Japan and to a lesser extent in the United States and Canada. Waste exchange
or the reuse of waste products in other processes are beginning to be more
widely used. The wise-use option can be interpreted to mean implementation of
strategies which require education and training. It includes options which
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 depend either upon proving that a hazardous substance is essential
for
achieving social goals or protecting human health.
Each control alternative implies a distribution of burden among parts of
the consuming and taxpaying public. It is easy to support management control
actions if the consequences of them are undertaken by others.
Effective
public choice requires understanding the distribution of associated costs.
Both the United States and Canada have recognized the need to protect all
ecosystems from intrusion by hazardous chemicals. The development of rules,
regulations, and codes of practice under the Toxic Substances Control Act and
the Environmental Contaminants Act has begun. The responsibility still exists
to establish priorities for hazardous substances control and management and to
use scarce public dollars wisely. Priorities must be set for the particular
substances to be controlled and perhaps on areas where net benefit of control
will be the greatest. The 1978 Great Lakes Water Quality Agreement set a
priority to protect the unique freshwater resources of the Great Lakes with
respect to hazardous substances. There are means - the use of regulatory
structures, planning, and environmental impact assessment — through which the
site specific impacts of hazardous substances or wastes can be determined at
least for the near term.
No control strategy is capable of solving all problems. Present social
policy states that the "bad actor" substances must be identified and kept out
of the ecosystem. Sophisticated hardware and technology will not solve all
the problems. Other management options shou d be nsidered and used and the
political will to make decisions benefitti ations must be
strengthened.
   
The judgement of an acceptably safe concentration of a hazardous substance
is frequently cast as scientific but is, in fact, more societal. The
questions are then who decides for whom, and how well informed are those
affected by the choices. Most people seem to tolerate more personal risk in
their daily lives if they choose the risks. 0n the other hand, people oppose
risks which are placed on them indiscriminately by others. This working
principle is reflected in the laws of both countries.
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VI
I
A
t
t
a
c
k
i
n
g
H
a
z
a
r
d
o
u
s
S
u
b
s
t
a
n
c
e
s
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
Selecting
a
practical
plan
to
deal
with
the
most
important
hazardous
substances
is
essential
but
difficult.
Wise
use
or
elimination
should
be
‘urged where practical.
Judgements
must
be
made
to
focus
effort
on
the
most
hazardous
of
substances.
The
list
of
potential
problem
substances
can
be
reduced
because:
1)
some
are
not
used
or
produced
in
the
Great
Lakes
basin;
2)
some
are
produced
in
such
small
quantities
that
they
can
be
ignored
initially; and,
3)
some
will
quickly
degrade
to
innocuous
materials
and
will
not
cause
problems initially.
The
first
step
in
a
hazardous
substances
control
strategy,
therefore,
is
to
list
the
substances
which
may
be
present
and
then
relegate
a
lower
priority
to
those
that
have
any
of
the
above
characteristics.
0f
the
remaining
substances,
we
must
know
what amount
might
be
released
in
the
Basin,
where,
the
possible
biological
effects,
the
degree
of
persistence,
and
how
they will
compartmentalize
in the
lakes
as
discussed
in Part
IV.
In
the
United
States,
information
on
production
volumes
is
contained
in
the
Toxics Substances
Inventory.
However,
for some of the compounds the
manufacturer
has
declared
the
information
confidential,
and
access
to
it
is
restricted.
Data
on
the
production,
use,
and
location
of
specific
chemicals
may
be
obtained
by
Environment
Canada
under
the
Environmental
Contaminants
Act.
Although
Canadian
companies
are
required
to
provide
the
information,
they may claim confidentiality.
Whether a given company discharges
its wastewater to a municipal
sewer
system or directly into a watercourse may alter the location of its effects.
In the United States, a check of NPDES discharge permits would indicate direct
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t
o
r
e
d
f
o
r
e
a
s
y
a
n
d
r
a
p
i
d
r
e
t
r
i
e
v
a
l
.
T
h
i
s
i
s
o
n
e
p
u
r
p
o
s
e
o
f
t
h
e
I
S
H
O
N
(
I
n
f
o
r
m
a
t
i
o
n
S
y
s
t
e
m
f
o
r
H
a
z
a
r
d
o
u
s
O
r
g
a
n
i
c
s
i
n
W
a
t
e
r
)
d
a
t
a
s
y
s
t
e
m
w
h
i
c
h
n
o
w
e
x
i
s
t
s
a
n
d
r
e
c
e
i
v
e
s
C
o
m
m
i
s
s
i
o
n
s
u
p
p
o
r
t
.
T
h
i
s
a
p
p
r
o
a
c
h
h
a
s
n
o
t
b
e
e
n
u
s
e
d
h
i
s
t
o
r
i
c
a
l
l
y
n
o
r
h
a
s
i
t
b
e
e
n
n
e
e
d
e
d
f
o
r
o
t
h
e
r
p
o
l
l
u
t
a
n
t
p
r
o
b
l
e
m
s
s
u
c
h
a
s
p
h
o
s
p
h
o
r
u
s
o
r
m
u
n
i
c
i
p
a
l
s
l
u
d
g
e
.
F
o
r
t
h
o
s
e
p
o
l
l
u
t
a
n
t
s
t
h
e
s
o
u
r
c
e
s
w
e
r
e
k
n
o
w
n
;
t
h
e
n
e
e
d
w
a
s
t
o
c
o
n
t
r
o
l
t
h
e
m
.
T
h
e
i
d
e
n
t
i
t
y
a
n
d
i
m
p
o
r
t
a
n
c
e
o
f
t
h
e
m
a
n
y
p
o
t
e
n
t
i
a
l
l
y
h
a
z
a
r
d
o
u
s
s
u
b
s
t
a
n
c
e
s
a
r
e
n
o
t
k
n
o
w
n
;
e
s
t
a
b
l
i
s
h
i
n
g
s
u
c
h
d
a
t
a
m
u
s
t
p
r
e
c
e
d
e
a
c
o
n
t
r
o
l
p
r
o
g
r
a
m
.
I
f
e
a
c
h
j
u
r
i
s
d
i
c
t
i
o
n
b
u
i
l
d
s
a
n
d
o
r
g
a
n
i
z
e
s
i
t
s
o
w
n
d
a
t
a
s
e
t
s
t
h
e
r
e
w
i
l
l
b
e
d
u
p
l
i
c
a
t
i
o
n
,
e
x
c
e
s
s
i
v
e
c
o
s
t
s
a
n
d
p
o
o
r
e
r
q
u
a
l
i
t
y
t
h
a
n
i
f
t
h
e
w
o
r
k
i
s
d
o
n
e
j
o
i
n
t
l
y
t
h
r
o
u
g
h
a
n
o
r
g
a
n
i
z
a
t
i
o
n
s
u
c
h
a
s
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
.
S
i
n
c
e
t
h
e
a
v
a
i
l
a
b
i
l
i
t
y
o
f
p
r
o
d
u
c
t
i
o
n
d
a
t
a
v
a
r
i
e
s
i
n
C
a
n
a
d
a
a
n
d
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
,
t
h
e
C
o
m
m
i
s
s
i
o
n
s
h
o
u
l
d
e
n
c
o
u
r
a
g
e
t
h
e
t
w
o
P
a
r
t
i
e
s
t
o
c
o
o
p
e
r
a
t
e
.
T
h
e
a
p
p
r
o
a
c
h
r
e
q
u
i
r
e
s
v
a
r
i
o
u
s
a
g
e
n
c
y
i
n
p
u
t
s
t
h
a
t
w
i
l
l
b
e
d
i
f
f
i
c
u
l
t
f
o
r
t
h
e
s
t
a
t
e
s
,
t
h
e
p
r
o
v
i
n
c
e
,
a
n
d
t
h
e
t
w
o
f
e
d
e
r
a
l
g
o
v
e
r
n
m
e
n
t
s
t
o
o
b
t
a
i
n
.
S
u
c
c
e
s
s
d
e
p
e
n
d
s
o
n
a
c
o
m
p
r
e
h
e
n
s
i
v
e
e
f
f
o
r
t
t
h
r
o
u
g
h
o
u
t
t
h
e
basin.
T
h
e
a
b
o
v
e
a
p
p
r
o
a
c
h
r
e
q
u
i
r
e
s
m
u
c
h
d
a
t
a
s
p
e
c
i
f
i
c
to
t
h
e
G
r
e
a
t
L
a
k
e
s
b
a
s
i
n
.
The
Great
Lakes
Water
Q
ua
l
i
t
y
A
g
r
e
e
m
e
n
t
needs
its
own
data
handling
plan
to
incorporate
the
site
specific
data;
it
cannot
rely
on
an
existing
or
planned
data
handling
systems
to
serve
its
needs.
The
systemxitself
is
not
expensive
to
set-up
or
operate;
it
is
the
cost
of
o
b
t
a
i
n
i
n
g
the
input
data
that
is
high.
Existing
systems
are
being
used
to
provide
input
so
that
ISHOW
does
not
d
u
p
l
i
c
a
t
e
o
t
h
e
r
e
f
f
o
r
t
s
.
 
The
International
Joint
Commission
must
declare
its
intent
and
commit
its
resources
if
this
approach
is
to
be
useful
and
timely.
Progress
is
slow,
and
sometimes
undetectable,
in
part
because
the
Commission
has
not
instructed
the
Parties
regarding
a
hazardous
substances
strategy
for
the
Agreement.
It
is
t
i
m
e
f
o
r
t
h
e
C
o
m
m
i
s
s
i
o
n
to
do
so.
The
Board
has
outlined
a
rational,
practical
plan
that
is
partially
developed
and
already
functional.
It
must
be
made
binational
and
as
comprehensive
for
Canada
as
it
is
for
the
United
States.
While
more
needs
to
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 be
a
c
c
o
m
p
l
i
s
h
e
d
in
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
as
we
l
l
,
we
h
a
v
e
e
n
o
u
g
h
i
n
f
o
r
m
a
t
i
o
n
n
o
w
to
move
rapidly
towards
control
action.
A
list
wi
l
l
s
o
o
n
be
a
v
a
i
l
a
b
l
e
o
f
s
u
b
s
t
a
n
c
e
s
p
r
o
d
u
c
e
d
in
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
which
have
a
high
p
r
o
b
a
b
i
l
i
t
y
of
b
i
o
c
o
n
c
e
n
t
r
a
t
i
n
g
.
The
sites
wh
e
r
e
they
are
p
r
o
d
u
c
e
d
w
i
l
l
a
l
s
o
b
e
i
d
e
n
t
i
f
i
e
d
.
T
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
a
n
d
t
h
e
U.S.
Environmental
P
r
o
t
e
c
t
i
o
n
Agency,
Region
V
have
provided
f
un
d
i
n
g
for
this
w
o
r
k
.
A
s
i
m
i
l
a
r
e
f
f
o
r
t
s
h
o
u
l
d
b
e
e
x
p
e
c
t
e
d
f
r
o
m
C
a
n
a
d
a
.
S
u
c
h
an
e
f
f
o
r
t
w
o
u
l
d
be
a
step
f
o
r
wa
r
d
toward
solving
the
hazardous
substances
problem.
Firm
s
u
p
p
o
r
t
a
n
d
d
i
r
e
c
t
i
o
n
m
u
s
t
e
m
a
n
a
t
e
f
r
o
m
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
t
o
c
o
m
p
l
e
t
e
t
h
i
s
p
h
a
s
e
.
T
h
e
S
c
i
e
n
c
e
A
d
v
i
s
o
r
y
B
o
a
r
d
f
e
e
l
s
c
o
n
f
i
d
e
n
t
t
h
a
t
t
h
e
t
i
m
e
h
a
s
c
o
m
e
t
o
a
d
o
p
t
a
s
t
r
a
t
e
g
y
b
a
s
e
d
on
p
r
e
s
e
n
t
k
n
o
w
l
e
d
g
e
.
It
is
n
o
w
t
i
m
e
to
m
o
v
e
f
o
r
w
a
r
d
aggressively.
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R
e
c
o
m
m
e
n
d
a
t
i
o
n
s
Based
on
its
assessment
of the
problem
of hazardous
substances
in the
-Great
Lakes
Basin
Ecosystem,
the
Science Advisory
Board
recommends
that:
I
THE INTERNATIONAL JOINT COMMISSION SHOULD URGE THAT
JURISDICTIONS INSTITUTE PROGRAMS T0 QUANTIFY THE
ATMOSPHERIC
IOADINGS OF HAZARDOUS SUBSTANCES
TO THE
GREAT LAKES.
Atmospheric transport to the Great Lakes
is an important source for some
metals and organic chemicals. Data are inadequate to identify all chemicals
for which atmospheric loading
is important.
In 1977 the Science Advisory
Board recommended to the Commission that loading data for each lake be
developed and that exchange among air, water, sediment, and biota be
determined.
In its 1976 Annual Report the Water Quality Board recommended
that all jurisdictions establish close coordination between air, water, and
solid waste programs to assess the total input of chemicals. The atmospheric
inputs are still largely unknown, but such data are essential to meet the
goals of the 1978 Great Lakes Water Quality Agreement. Much binational
attention is being given to "acid rain", but insufficient attention is being
given to other atmospheric pollutants that may have‘significant impact. More
vigorous pressure from the Commission is needed to accelerate the collection
of surveillance data required to identify the most important problems.
II THE COMMISSION SHOULD URGE JURISDICTIONS TO RECOVER
HAZARDOUS SUBSTANCES FOR REUSE AND EMPLOY TREATMENT
TECHVOLOGIES THAT DESTROY, RATHER THAN MERELY REMOVE,
CONTAMINANTS FROM WASTE DISCHARGES.
Treatment of water and air discharges does not ensure that substances of
concern will not harm the ecosystem, unless they are destroyed during
treatment. In many technologies for air and water treatment, the substances
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being removed are concentrated
in sludges which then may be disposed of as
solid waste.
The Water Quality Board in its 1978 Annual Report advised the
Commission that waste treatment techniques which
destroy chemicals rather
than concentrate them in sludges will
substantially reduce solid waste
generation.
Similarly, treatment technologies which do not produce
large
volumes of chemical
sludge are highly desirable.
Some substances such as
heavy metals will remain
intact and should be reused
if possible,
but will
usually require careful disposal probably as solid waste.
Every effort should
be made to keep such substances to a minimum in all discharges.
III
THE COMMISSION SHOULD ENCOURAGE DISCHARGERS T0 SEEK WAYS
TO REDUCE THE USE OR LOSS OF HAZARDOUS SUBSTANCES THAT MAY
FIND
THEIR
WAY
INTO
AIR
OR WATER
EFFLUENTS.
While
the
economic
benefits
of wise
chemical
use will
probably
be
recognized eventually by the industrial sector,
pressure from regulatory
agencies
could
speed
such
recognition.
To
the extent
that
better
use
can
lessen the amount of treatment needed, society will benefit.
Although
preventing hazardous substances from occurring
in waste seems obvious,
the
past
losses
of
mercury
from
chlor-alkali
facilities
illustrates
the
need
for
closer
scrutiny
in
all
industrial
processes.
IV
THE
COMMISSION
SHOULD
URGE
THE
JURISDICTIONS
TO
IDENTIFY
AND
INFORM
POPULATIONS
IN
THE
BASIN
WHICH
MAY
HAVE
HIGHER
THAN
AVERAGE
EXPOSURE
TO
HAZARDOUS
SUBSTANCES
AS
A
RESULT
OF
THEIR
DIETARY
HABITS
OR
LIVING
CONDITIONS,
AND
THAT
THE
JURISDICTIONS
EXPAND
THEIR
EFFORTS
TO
IDENTIFY
ANY
CAUSE
AND
EFFECT
HUMAN
HEALTH RELATIONSHIPS
ASSOCIATED
WITH
THE
CONSUMPTION
OF
GREAT
LAKES
FISH
AND
WILDLIFE.
Because
various
small
groups
in
the
Great
Lakes
population
eat
quantities
of
fish
in
amounts
well
above
average,
because
residues
in
sport
fish
are
less
‘
well
monitored,
and
because
many
desired
sport
fish
have
high
lipid
contents,
the
exposure
of
these
populations
is
above
average.
Therefore,
acceptable
residue
concentrations
based
on
average
consumption
may
not
be
sufficiently
protective.
Residues
in
sport
fish
are
currently
regulated
differently
in
52
 various
jurisdictions
and
usually
only
by
public
advisories,
which
are
not
mandatory.
While
the
consequences
of
such
increased
exposure
are
not
known,
these
populations
should
be
informed
of
their
high
exposure.
Monitoring
of
the
residues
they
consume
should
be
at
least
as
intensive
as
they
are
for
the
average
population.
The
Water
Quality
Board
has
recommended
that
common
risk
assessment
procedures
be
developed
by
the
jurisdictions.
Initial
effort
concentrated
on
an
identifiable
sub-population
would
be
easier
than
considering
the
entire
population
of
the
Basin
because
these
groups
are
smaller.
Such
efforts
will
be
especially
significant
for
protecting
high
exposure
groups.
a
V
THE
COMMISSION
REQUEST
THAT
APPROPRIATE
AGENCIES
IN
CANADA
AND
THE
UNITED
STATES
REVIEW
THE
HUMAN
HEALTH
TOXICITY
INFORMATION
ON
THOSE
HAZARDOUS
SUBSTANCES
WHICH
FORM
RESIDUES
IN
GREAT
LAKES
FISH
AND
WILDLIFE,
AND
ESTABLISH
TOLERANCE
LEVELS
FOR
THOSE
SUBSTANCES
AS
THEY
ARE
IDENTIFIED.
Substances
that
are
not
food
additives
or
pesticides
are
not
uniformly
measured
or
controlled.
Acceptable
residue
limits
for
such
substances
in
fish
do not currently exist.
Through a binational effort and pooling of agency
resources, interim levels could be established and used for regulatory
actions.
These actions would provide a basis to judge the importance of
residues found in fish used for food and would aid in establishing estimated
risks to residents of the basin.
Both the Water Quality Board and the Science
Advisory Board in previous reports, have emphasized the need for knowing the
significance of chemical residues on human health. \Resources to accomplish
this goal have not been forthcoming. An alternative is to use existing data
and expertise to make best judgements of acceptable intakes. The Commission
should urge that a sound regulatory basis be developed that will enable
defensible and valid limits to be set for the protection of the Great Lakes
basin ecosystem.
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VI
THE
COMMISSION
SHOULD
STRONGLY
URGE
GOVERNMENTS
TO
ESTABLISH PROGRAMS TO DEVELOP ROUTINE FATE
AND EFFECTS
INFORMATION NEEDED FOR PREDICTIVE HAZARD ASSESSMENT.
In
1973
the
Water
Quality
Board
advised
the
Commission
that
there
was
a
need
for
data
on
the
level
and
effects
of
various
contaminants,
with
special
emphasis
on
the
environmental
significance
of
PCB
levels
in
the
biota,
in
order
to
evaluate
the
human
health
implications.
In addition,
both
the
Science
Advisory
and
Water
Quality
Boards
in
previous
reports
have
stressed
to
the
Commission
the
importance
of developing
fate
and effects
information.
However,
very
little
additional
work
has
been
initiated.
The
generation
of
such
data
is
routine
work
and
should
not
be
done
by
research
organizations,
which
are
not
efficient
in
routine
data
production.
They
should
use
their
resources
to
develop
better
methods
for
data
production
and
a
better
knowledge
of
what
data
are
most
needed.
Routine
data
generation
is
not
the
responsibility
of
any
agency.
This
fact
may
explain
why
little
has
been
done.
Because
such
data are
so
important
to
regulations,
funding
outside
existing
research
budgets
should
be
requested
to
develop
the
required
data.
VII
THE COMMISSION SHOULD CENTRALIZE AN
INFORMATION SYSTEM TO
COLLECT, STORE, SORT, AND DISPENSE DATA NEEDED BY THE
JURISDICTIONS
FOR
CONTROL
OF
HAZARDOUS
WESTANCES.
Much
ofthe
data
needed
for
the
control
of
hazardous
substances,
such
as
toxiCity,
persistence,
and bioconcentration potential
must be generated or
gathered
from
diverse
sources.
Each
jurisdiction
will
need
such
data
as
a
basis for its control
actions.
Furthermore, each jurisdiction will be
concerned
with
a
number
of
substances.
A
single
organized
assembly
of
this
data
at
a central
location will
be far
more
cost
effective
than
many
individual
efforts.
The
Science
Advisory
Board
in
its
1978
Annual
Report
recommended
a
centralized
system.
The
Water
Quality
Board
has
repeatedly
stressed
the
need
for
information
of
this
nature.
Little
progress
has
been
made
in
developing
a
common
data
bank
accessible
to
all.
The
Commission
should
take
a
more
aggressive
role
in
assisting
the
jurisdictions
to
gain
access to this data.
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I
I
I
T
H
E
C
O
M
M
I
S
S
I
O
N
S
H
O
U
L
D
R
E
C
O
M
M
E
N
D
R
E
S
E
A
R
C
H
F
O
R
D
E
V
E
L
O
P
I
N
G
M
E
T
H
O
D
S
T
O
D
E
T
E
R
M
I
N
E
N
E
T
B
E
N
E
F
I
T
A
S
A
N
E
C
E
S
S
A
R
Y
C
O
N
S
I
D
E
R
A
T
I
O
N
I
N
F
U
T
U
R
E
D
E
C
I
S
I
O
N
M
A
K
I
N
G
I
N
T
H
E
G
R
E
A
T
L
A
K
E
S
B
A
S
I
N
E
C
O
S
Y
S
T
E
M
.
M
a
n
y
p
o
l
l
u
t
i
o
n
a
b
a
t
e
m
e
n
t
p
r
o
c
e
d
u
r
e
s
,
s
u
c
h
a
s
c
h
e
m
i
c
a
l
p
r
e
c
i
p
i
t
a
t
i
o
n
o
f
p
h
o
s
p
h
o
r
u
s
a
n
d
o
p
e
r
a
t
i
o
n
o
f
a
i
r
s
c
r
u
b
b
e
r
s
,
r
e
q
u
i
r
e
t
h
e
u
s
e
o
f
c
h
e
m
i
c
a
l
s
a
n
d
f
o
s
s
i
l
f
u
e
l
s
.
T
h
e
e
x
t
r
a
c
t
i
o
n
a
n
d
c
o
n
v
e
r
s
i
o
n
o
f
f
o
s
s
i
l
f
u
e
l
s
p
r
o
d
u
c
e
s
i
m
p
a
c
t
s
on
v
a
r
i
o
u
s
p
a
r
t
s
o
f
t
h
e
e
c
o
s
y
s
t
e
m
.
L
i
k
e
w
i
s
e
,
the
p
r
o
d
u
c
t
i
o
n
o
f
c
h
e
m
i
c
a
l
s
a
n
d
t
h
e
d
i
s
p
o
s
a
l
o
f
s
l
u
d
g
e
a
f
t
e
r
t
r
e
a
t
m
e
n
t
c
a
n
c
a
u
s
e
a
d
v
e
r
s
e
impacts.
O
f
t
e
n
t
h
e
s
e
s
e
c
o
n
d
a
r
y
e
f
f
e
c
t
s
o
c
c
u
r
in
l
o
c
a
t
i
o
n
s
o
u
t
s
i
d
e
t
h
e
G
r
e
a
t
L
a
k
e
s
b
a
s
i
n
e
c
o
s
y
s
t
e
m
.
W
h
e
n
t
h
e
s
e
i
m
p
a
c
t
s
e
x
c
e
e
d
t
h
e
b
e
n
e
f
i
t
o
f
t
h
e
a
b
a
t
e
m
e
n
t
s
t
e
p
s
,
t
h
e
n
e
t
e
n
vi
r
o
n
m
e
n
t
a
l
result
is
negative
and
the
abatement
p
r
o
b
a
b
l
y
should
not
be
i
m
p
l
e
m
e
n
t
e
d
.
C
a
r
e
f
u
l
e
n
v
i
r
o
n
m
e
n
t
a
l
a
s
s
e
s
s
m
e
n
t
s
are
n
e
e
d
e
d
to
i
d
e
n
t
i
f
y
w
h
e
n
this
point
is
reached.
The
e
c
o
s
ys
t
e
m
approach
adopted
by
the
Commission
r
e
q
u
i
r
e
s
t
h
a
t
all
c
o
n
t
r
o
l
p
r
o
g
r
a
m
s
w
i
t
h
i
n
t
h
e
b
a
s
i
n
r
e
s
u
l
t
in
net
e
n
vi
r
o
n
m
e
n
t
a
l
benefit.
At
p
r
e
s
e
n
t
there
are
no
methods
available
to
d
e
t
e
r
m
i
n
e
net
e
n
vi
r
o
n
m
e
n
t
a
l
benefit,
but
they
are
needed
to
guide
decision
making.
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X Board Activities
Under the 1978 Great Lakes Water Quality Agreement, the Science Advisory
Board is a scientific advisor to the International Joint Commission and the
Commission's Great Lakes Water Quality Board. The Science Advisory Board is
responsible for developing recommendations on research and developing
statements on the state of scientific knowledge pertinent to the
identification, evaluation, and resolution of current and anticipated water
quality problems in the Great Lakes.
To meet its responsibility as the scientific advisor to the Commission and
the Water Quality Board, the Board draws upon the knowledge of its members who
are experts in scientific, engineering, and societal fields within
governmental, industrial, university, and private sectors. Further, the Board
appoints committees and task forces, from time to time, and holds workshops
and conferences to assist in developing information and to provide scientific
advice.
This year the Board concentrated on an assessment of the problem of
hazardous substances in the Great Lakes basin ecosystem. The committees have
contributed greatly toward the Board's perception of this issue. They and the
vari
ous
task
forc
es h
ave
also
deve
lope
d es
sent
ial
info
rmat
ion
and
repo
rts
over
this past year which address other issues of importance to restoring and
enhancing Great Lakes water quality. \
COMMITTEES
The Board has three Expert Committees to provide continuing independent
adv
ice
and
syn
the
sis
of
sci
ent
ifi
c o
pin
ion
on
new
and
con
tin
uin
g G
rea
t L
ake
s
pro
ble
ms.
The
se
thr
ee
com
mit
tee
s a
lso
ide
nti
fy
ove
rsi
ght
s,
wea
kne
sse
s,
and
opp
ort
uni
tie
s f
or
int
ern
ati
ona
l c
oop
era
tio
n i
n G
rea
t L
ake
s r
ese
arc
h_a
cti
vit
ies
in
Can
ada
and
the
Uni
ted
Sta
tes
.
Two
oth
er
com
mit
tee
s d
eal
wit
h m
ore
spe
cif
ic
iss
ues
.
The
fol
low
ing
is
a s
umm
ary
of
the
sco
pe
of
the
com
mit
tee
s a
nd
the
ir
activities since July 1979.
  
 Exp
ert
Com
mit
tee
on
Eng
ine
eri
ng
and
Tec
hno
Tog
ica
T A
spe
cts
of
Gre
at
Lak
es
Water QuaTitx
This
Comm
itte
e's
acti
viti
es e
ncom
pass
in p
art
the
tech
noTo
gica
T p
roce
dure
s
and
tre
atm
ent
of
man
's
eff
ect
s o
n r
ece
ivi
ng
wat
ers
.
The
Com
mit
tee
inc
Tud
es
mem
ber
s w
ith
exp
ert
ise
in
ind
ust
ria
T a
nd
mun
ici
paT
was
te
tre
atm
ent
.
The
mem
ber
shi
p w
as
rec
ent
Ty
exp
and
ed
to
inc
Tud
e e
xpe
rti
se
in
air
poT
Tut
ion
con
tro
T.
A r
eco
mme
nda
tio
n b
y t
he
Com
mit
tee
Ted
to
est
abT
ish
men
t o
f t
he
Pho
sph
oru
s
Man
age
men
t S
tra
teg
y T
ask
For
ce
whi
ch
rep
ort
ed
to
the
Sci
enc
e A
dvi
sor
y a
nd
Water QuaTity Boards and the Commission in JuTy 1980.
A su
bcom
mitt
ee w
as f
orme
d wh
ich
met
with
seve
raT
expe
rts
to d
iscu
ss
mea
sur
eme
nt
and
ass
ess
men
t t
ech
niq
ues
for
det
erm
ini
ng
bio
Tog
ica
TTy
ava
iTa
bTe
for
ms
of
pho
sph
oru
s
and
sou
rce
s,
and
the
ir
reT
ati
ve
inp
ut
to
Tak
es.
Thi
s w
ork
Ted
to a
stat
e of
the
art
repo
rt o
n "B
ioTo
gica
T A
vaiT
abiT
ity
of P
hosp
horu
s“
whi
ch
was
sub
mit
ted
in
Apr
iT
198
0 a
nd
is
und
er
rev
iew
by
the
Boa
rd.
The
Comm
itte
e de
veTo
ped
the
tech
nica
T i
nfor
mati
on f
or t
he B
oard
's
resp
onse
to a Commission request for an assessment of the contribution of Tow
temperature incineration of waste to water quaTity impairment in the Great
Lakes.
Since the Board pTans to focus its 1981 AnnuaT Report on the possibTe
envi
ronm
enta
T c
onse
quen
ces
that
aTte
rnat
ive
scen
ario
s fo
r en
ergy
prod
ucti
on
may have on the Great Lakes basin ecosystem, the Committee is assessing the
adeq
uacy
of p
rese
nt t
echn
oTog
y to
cont
roT
the
reTe
ase
of h
azar
dous
subs
tanc
es
from nucTear fueTs, petroTeum, coaT, and synthetic fueTs.
Expert Committee on EcoTogicaT and GeochemicaT Aspects of Great Lakes
Water QuaTity
This Committee's responsibiTity incTudes issues reTating to ecoTogicaT and
geochemicaT effects of man's activities.
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 The
major
activity
of
this
Committee
during
the
past
year
has
been
to
investigate
the
extent
of
atmospheric
deposition
of
hazardous
substances
in
the
Great
Lakes
and
to
acquaint
the
Board
with
information
on
the
subject.
Much
of
the
information
in
this
report
on
hazardous
substances
incorporates
the
findings
supplied
by
the
committee
(Appendices
A
and
B).
The
Committee
has
received
the
Board's
support
to
convene
a
symposium
to
synthesize
current
knowledge
on
atmospheric
inputs
to
lakes
as
they
relate
to
surface—film
chemistry
and
physics
in
the
eventual
partitioning
and
food-chain
fluxes.
The
results
of
the
symposium
will
be
published
in
an
appropriate
scientific journal.
Expert
Committee
on
Societal
Aspects
of
Great
Lakes
Water
Quality
The
jurisdictional,
political,
institutional,
legal,
educational,
and
other
non—physical
measures
influencing
the
effects
of
man‘s
activities
on
receiving
waters
are
considered
by
this Committee.
The
Committee
includes
expertise
representative
of
economics,
energy
issues,
planning,
citizen/public
interest,
political
science,
human behavior,
legal
aspects,
and regulatory
activities.
The Expert Committee held a workshop on anticipatory planning in early
March 1979. Proceedings of the workshop, Anticipatory Planning for the Great
Lakes Volume I, Summary, 1979, and Workshop Report Anticipatony Planning for
the Great Lakes, Volume II, 1980, have been published and distributed to the
Boards and the Commission.
They provide a broad perspective on Great Lakes
problems not being adequately addressed and problems likely to emerge within
the next five to ten years.
The committee is continuing to explore means whereby it can assist the
Board and the Commission to develop an adequate anticipatory planning
capability.
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Aquatic Ecosystem Objectives Committee
 
Th
e
Aq
ua
ti
c
Ec
os
ys
te
m
Ob
je
ct
iv
es
Co
mm
it
te
e
(A
EO
C)
ha
s
be
en
pr
ov
id
ed
wi
th
a
br
oa
d
ma
nd
at
e
to
de
ve
lo
p
aq
ua
ti
c
ec
os
ys
te
m
ob
je
ct
iv
es
to
pr
ot
ec
t
the
va
ri
ou
s
use
s
of
the
Gr
ea
t
La
ke
s,
in
cl
ud
in
g
the
mo
st
se
ns
it
iv
e
use
.
AEOC‘s activities
to
da
te
fa
ll
in
to
fo
ur
in
te
rr
el
at
ed
ar
ea
s:
AEO
C i
den
tif
ies
sub
sta
nce
s f
or
whi
ch
new
spe
cif
ic
obj
ect
ive
s
are
req
uir
ed
and
det
erm
ine
s
whe
the
r
the
exi
sti
ng
dat
a
bas
e
is
ade
qua
te
for their development.
On
a c
ont
inu
ing
bas
is,
AEO
C r
egu
lar
ly
rev
iew
s t
he
sci
ent
ifi
c
lit
era
tur
e
to
det
erm
ine
if
the
obj
ect
ive
s
as
giv
en
in
the
197
8
Gre
at
Lak
es
Wat
er
Qua
lit
y A
gre
eme
nt
are
sti
ll
pro
tec
tiv
e o
f t
he
mos
t
se
ns
it
iv
e
use
,
and
pr
op
os
es
re
vi
si
on
s
to
th
es
e
ob
je
ct
iv
es
if
warranted.
Obj
ect
ive
s
dev
elo
ped
to
dat
e
hav
e
gen
era
lly
cen
sid
ere
d
onl
y
the
aq
ue
ou
s
co
mp
on
en
t
of
the
ec
os
ys
te
m.
AE
OC
has
ad
op
te
d
th
e
ph
il
os
op
hy
th
at
ob
je
ct
iv
es
sh
ou
ld
be
ho
li
st
ic
,
th
at
is,
co
ns
id
er
al
l
as
pe
ct
s
of
th
e
ec
os
ys
te
m
an
d
th
e
mo
ve
me
nt
of
su
bs
ta
nc
es
am
on
g
th
e
va
ri
ou
s
co
mp
ar
tm
en
ts
.
AE
OC
ha
s
be
gu
n
de
ve
lo
pm
en
t
of
su
ch
br
oa
d-
ba
se
d
ob
je
ct
iv
es
wh
er
e
th
e
da
ta
ba
se
ex
is
ts
.
An
aqu
ati
c
eco
sys
tem
obj
ect
ive
is
env
isa
ged
as
a d
esi
red
sta
te
of
the
AEOC has
emb
ark
ed
on
the
tas
k
of
dev
elo
pin
g
suc
h
ind
ica
tor
s
of
eco
sys
tem
health.
sys
tem
and
int
egr
ati
ng
all
asp
ect
s
of
the
eco
sys
tem
.
AEO
C‘s
198
0
rep
ort
rec
omm
end
s
and
sub
sta
nti
ate
s
to
the
Sci
enc
e
Adv
iso
ry
Bo
ar
d
fo
ur
ne
w
or
re
vi
se
d
ob
je
ct
iv
es
fo
r
th
e
19
78
Ag
re
em
en
t:
A
W
N
l
—
l
Pentachlorophenol
Polychlorinated dibenzodioxins
Mic
rob
iol
ogi
cal
ind
ica
tor
- t
o
sup
ple
men
t
the
pre
sen
t
obj
ect
ive
Lead - to broaden the existing objective.
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 AEOC
also
recommends
that
five
objectives,
previously
proposed,
be
incorporated
into
the
1978
Agreement:
1. Chlorine
2. Silver
3. Cyanide
4. Temperature
5. Nutrients
In
its
report,
AEOC
presents
a
list
of
sixteen
substances
for
which
the
present
objectives
are
under
active
review
or
for
which
consideration
is
being
given
for
the
development
of
new
objectives.
A
tentative
mixtures
objective
is
preSented,
and
public
comment
is
solicited.
Other
potentially
fruitful
future
directions
for
the
development
of
objectives
are
also
outlined.
AEOC's
report
also
summarizes
the
philosophy
and
the
importance
of
objectives,
the
procedure
for
their
development,
and
their
relationship
to
jurisdictional
standards.
AEOC
also
reports
on
progress for
development
of an
example
of
an
aquatic
ecosystem
objective,
which
will
be
the
subject
of
a
future
report
to
the
Science
Advisory
Board.
Joint
Science
Advisory
Board/Water
Quality
Board
Committee
on
the
Assessment
of Human
Health Effects
of Great
Lakes
Water
Quality
This
joint
committee of
the
two
Boards was
formed
in early
1978.
Its
activities
include:
\
-
assessment of health risks posed by contaminants in the Great Lakes;
-
review of action levels and guidelines for selected substances;
- interpretation and consultation on health matters; and
— maintaining an awareness of current advances in knowledge regarding
health effects of water constituents.
The major activities undertaken by this committee in the past year include
the health hazard evaluation of the chemicals identified in the Great Lakes
   
ec
os
ys
te
m,
an
in
ve
st
ig
at
io
n
of
th
e
pr
ob
le
m
of
vi
ru
se
s
in
th
e
Gr
ea
t
La
ke
s,
th
e
d
e
v
e
l
o
p
m
e
n
t
of
c
o
m
p
a
t
i
b
l
e
c
a
n
c
e
r
r
e
g
i
s
t
r
i
e
s
w
i
t
h
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
b
a
s
i
n
,
an
d
a
re
vi
ew
of
le
ve
ls
of
c
o
n
t
a
m
i
n
a
n
t
s
in
fi
sh
.
A
s
um
m
a
r
y
of
f
i
n
d
i
n
g
s
is
in
cl
ud
ed
in
t
h
e
C
o
m
m
i
t
t
e
e
'
s
1
9
8
0
r
e
p
o
r
t
t
o
t
h
e
B
o
a
r
d
s
.
TASK FORCES
Th
e
Bo
ar
d
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ta
bl
is
he
s
ta
sk
fo
rc
es
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de
al
wi
th
sp
ec
if
ic
is
su
es
wh
ic
h
re
qu
ir
e
in
te
ns
iv
e
i
n
t
e
r
d
i
s
c
i
p
l
i
n
a
r
y
in
ve
st
ig
at
io
ns
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Su
ch
ta
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fo
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an
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ex
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at
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po
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d
i
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c
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o
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ac
h
a
so
lu
ti
on
.
Th
e
ta
sk
fo
rc
es
ma
y
be
es
ta
bl
is
he
d
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a
re
su
lt
of
di
sc
us
si
on
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wi
th
in
th
e
Sc
ie
nc
e
A
d
vi
s
o
r
y
Bo
ar
d,
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
of
th
e
Ex
pe
rt
Co
mm
it
te
es
,
r
e
f
e
r
r
a
l
s
fr
om
th
e
IJ
C
or
it
s
gr
ou
ps
,
an
d
re
fe
rr
al
s
fr
om
th
e
sc
ie
nt
if
ic
co
mm
un
it
y
or
ci
ti
ze
n
g
r
o
up
s
.
T
h
e
t
a
s
k
f
o
r
c
e
s
ar
e
d
i
s
b
a
n
d
e
d
up
o
n
a
c
c
e
p
t
a
n
c
e
of
f
i
n
a
l
r
e
p
o
r
t
s
by
t
h
e
Board.
Ec
ol
og
ic
al
Ef
fe
ct
s
of
No
n-
Ph
os
ph
at
e
De
te
rg
en
t
Bu
il
de
rs
Th
is
ta
sk
fo
rc
e
wa
s
fo
rm
ed
in
19
76
to
pr
ov
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e
in
fo
rm
at
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n
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th
e
Bo
ar
d
on
po
te
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l
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og
ic
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ef
fe
ct
s
of
ph
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bs
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rg
en
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fi
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ry
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wa
st
e
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ea
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en
t,
en
vi
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en
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l
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de
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aq
ua
ti
c
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te
r
ch
em
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d
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l
tr
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sp
or
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eu
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hi
ca
ti
on
.
In
it
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l
ac
ti
vi
ti
es
of
th
e
ta
sk
fo
rc
e
we
re
di
re
ct
ed
to
wa
rd
s
an
ec
ol
og
ic
al
as
se
ss
me
nt
of
ni
tr
il
ot
ri
ac
et
ic
ac
id
(N
TA
).
Th
e
ta
sk
fo
rc
e
re
po
rt
en
ti
tl
ed
:
Ec
ol
og
ic
al
Ef
fe
ct
s
of
No
n-
Ph
os
ph
at
e
De
te
rg
en
t
Bu
il
de
rs
:
Fi
na
l
Re
po
rt
on
NT
A
wa
s
pu
bl
is
he
d
in December 1978.
Th
e
ta
sk
fo
rc
e
ha
s
al
so
co
mp
le
te
d
a
re
vi
ew
of
th
re
e
ot
he
r
im
po
rt
an
t
or
ga
ni
c
de
te
rg
en
t
bu
il
de
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:
ci
tr
at
e,
ca
rb
ox
ym
et
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at
e
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MO
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an
d
ca
rb
ox
ym
et
hy
lt
ar
tr
on
at
e
(G
MT
).
Th
is
re
vi
ew
is
re
po
rt
ed
in
th
e
ta
sk
fo
rc
e'
s
re
po
rt
Ec
ol
og
ic
al
Ef
fe
ct
s
of
No
n-
Ph
os
ph
at
e
De
te
rg
en
t
Bu
il
de
rs
-
Fi
na
l
Re
po
rt
on
Or
ga
ni
c
Bu
il
de
rs
Ot
he
r
th
an
NT
A,
Ju
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19
80
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 The task force is continuing its work with an assessment of inorganic
detergent builders which are currently used or proposed for use.
Health Effects of Non-NTA Detergent Builders
The task force was formed in 1977 to evaluate the potential health effects
of detergent builders other than NTA. The task force has studied carbonates,
carboxymethyloxysuccinate (CMOS), carboxymethyltartronate (CMT), citrates,
phosphates, soluble silicates, and Type A Zeolite (a synthetic
aluminosilicate). The report on these detergent builders was submitted to the
Board in September 1980.
Phosphorus Management Strategies
Upon the recommendation of the Board's Expert Committee on Engineering and
Technological Aspects, a task force on phosphorus management strategies was
formed and subsequently expanded to a joint task force of the Science Advisory
and Water Quality Boards.
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The
foTTowing
reports
were
prepared
for
the
Board
as
background
information
for
use
in
deveToping
its
report
on
hazardous
substances:
A.
Assessment
of
Airborne
Organic
Contaminants
in
the
Great
Lakes
Ecosystem
-
S.
J.
Eisenreich,
B.B.
Looney,
and
J.D.
Thornton,
Department
of
CiviT
and
MineraT
Engineering,
University
of
Minnesota,
MinneapoTis, Minnesota.
8.
Assessment
of
Airborne
Inorganic
Contaminants
in
the
Great
Lakes
-
H.
E.
ATTen
and
M.A.
HaTTey,
Pritzker
Department
of
EnvironmentaT
Engineering,
ITTinois
Institute
of
TechnoTogy,
Chicago,
ITTinois.
C.
Sources
and
ControT
of
Organic
Air
PoTTutants
-
R.B.
Caton
and
E.T.
Barrow,
Air
Resources
Branch,
Ontario
Ministry
of
the
Environment, Toronto, Ontario.
D.
Toxics
in MunicipaT
and
IndustriaT
Wastewaters
- D.F.
Bishop,
 
MunicipaT
EnvironmentaT
Research Laboratories,
U.S. EnvironmentaT
Protection Agency, Cincinnati, Ohio.
These reports are bound in a separate voTume and‘copies are avaiTabTe from
the IJC Great Lakes RegionaT Office, 100 OueTTette Avenue, Windsor, Ontario,
Canada, N9A 6T3.
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